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INTRODUCTION 
Modern farmers recognize that agriculture is a business 
with marginal profit. That is, a loss of 5-10% can represent 
the difference between a profitable and an unprofitable opera­
tion (NAS, 1969). They also recognize that insect pests 
constitute a major factor militating against profit maximi­
zation in agriculture. Insect pests have led to decreased 
yield, lower quality products, and stand reduction in several 
crops. Entomologists are aware that for maximum efficiency 
investigations for pest control purposes have to be made into 
specific situations. The crop dealt with in this work is 
soybean, Glysine max L., and the insect of interest is the 
potato leafhopper, Empoasca fabae (Harris). 
The importance of soybean as a cash and food crop cannot 
be overemphasized. According to Scott and Aldrich (1970) 
soybean has become the most important source of edible oil 
in the western world. Soybean products are also important 
in the formulation of new, low-cost, nutritionally balanced 
protein foods and drinks processed and distributed in several 
protein-deficient countries of the world (Scott and Aldrich, 
19 70). Furthermore, soybean is used for animal feed. In fact, 
the amount of soybean processed into animal feed greatly 
outweighs the amount used for all other purposes (Scott and 
Aldrich, 1970). Even though soybean is an introduced crop in 
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the USA, its popularity has risen so fast eind so much that it 
has become the number two crop in the country. With a value 
of $3,5 billion in 1971 soybean was next only to corn, which 
had a value of $5.9 billion.^ 
The insect in question, E. fabae, is one of the most 
injurious members of the family Cicadellidae. It is well 
known for its injury on several crops. For instance, Harris 
(1841) described it as a pest of Windsor bean in Massachusetts. 
Le Baron (1853) recognized it as a pest of apple in Illinois. 
Osborn (1896) discovered it as a pest of potato in Iowa. In 
fact, Fenton and Hartzell (1923) considered it the most serious 
pest of the potato crop in Iowa and probably in the Mississippi 
Valley. According to De Long (1938) the potato leafhopper is 
undoubtedly the most important pest of potato occurring over 
a large area in the eastern part of the United States. Gossard 
(1893) reported the potato leafhopper as a pest of clover in 
Iowa. Gibson (1916) reported it as the most injurious Jassid 
of the year in Missouri. This insect is also known as the 
2 
second most important pest of alfalfa in Indiana. 
Understandably the occurrence of such a notoriously in­
jurious insect like the potato leafhopper on such an economi-
^R. N. Wisner, Department of Economics, Iowa State 
University, Ames, Iowa. The status of soybean in USA 
agriculture. Private communication. 1972. 
2 M. C. Wilson, Department of Entomology, Purdue Univer­
sity, Lafayette, Indiana. The status of the potato leafhopper 
on alfalfa. Private communication. 1972. 
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cally important crop like soybean cannot but be a cause for 
concern among soybean growers and among agricultural ento­
mologists. The effect of such a concern on growers is the 
tendency to reach for chemical insecticides as soon as potato 
leafhoppers are noticed on soybean fields. A good example of 
such a tendency was witnessed in north-east Iowa by the author 
in the summer of 1971. The grower's tendency to apply chemical 
insecticides every time he feels threatened by an insect, 
regardless of its population level, can lead to abuse of 
insecticidal chemicals - a mistake that can have adverse 
economic and ecological consequences. If we must maximize 
soybean profit without sacrificing our environment, it is 
imperative that we adopt a pest management approach. 
Pest management is the reduction of pest problems on a 
continuing basis by applying principles of ecology in an 
economically sound manner. It implies an intelligent manipu­
lation of the environment to control certain life systems 
without changing other life systems. It should be understood 
that pest management philosophy does not oppose the use of 
chemical insecticides or any other means of control. Rather, 
pest management is concerned with how the means or combina­
tions of means are used to achieve the best results. However, 
before pest management strategies can be applied to the 
potato leafhopper on soybean in central Iowa, the insect's 
pest status has to be determined and this can be done only 
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through bioeconomics and field population studies. 
The mere presence of a phytophagous insect on a crop 
does not make the insect an economic pest of that crop. The 
insect becomes a pest when it occurs in such numbers as to 
cause economically significant damage. The population density 
of the insect at which control becomes economically justified 
is called the economic-injury level. The determination of 
economic-injury levels is a part of bioeconomics, which can 
be defined as the study of damaging population densities. 
The bioeconomic aspect of this work includes: (1) deter­
mination of the potato leafhopper's damage potential on soy­
bean, (2) establishment of density-damage relationships, and 
(3) determination of economic-injury levels. 
To finally determine the status of this insect on soy­
bean in central Iowa the economic-injury levels have to be 
compared with the actual numbers that occur naturally in soy­
bean fields. This need for comparison makes field population 
studies a necessity. Such studies include finding out: (1) 
the time the potato leafhopper begins to appear on soybean in 
central Iowa, (2) the population trend, and (3) the time the 
insect disappears. 
Figure 1. The potato leafhopper, Empoasca fabae (Harris) 
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REVIEW OF LITERATURE 
The Potato Leafhopper, Empoasca 
fabae (Harris) 
Synonymy 
To make any historical review of an insect, it is 
necessary to become familiar with the various names that have 
been used for the species. Once the names are thoroughly 
coordinated, they serve as useful references for a review of 
the literature. 
In older literature, the potato leafhopper is found 
under a variety of scientific names. De Long (1938) suggested 
that the synonymy was probably due to the fact that the insect 
was early recognized as an economic pest over a large area 
but by isolated investigators or groups of workers who were 
working independently. He also suggested that it was partly 
due to the large number of economic host plants upon which 
the insect feeds and its variability in color and color 
markings. 
The insect was first described by Harris (1841) as 
Tettigonia fabae in the family Tettigoniadae. Fitch (1851) 
put the insect in the genus Erythroneura, thereby renaming 
the insect Srythroneura fabae (Harris). Walker (1851) put 
the insect in the genus Typhlocyba, and Harris (1852) 
mentioned that the insect belonged to the genus Empoa. 
Le Baron (1853) described it as a new species on apple and 
9 
called it Tettigonia mali. It was later shown by Ball (1924) 
that Le Baron's Tettigonia mali was the same as Harris' 
Tettigonia fabae. Walsh (1862) erected new genera: Empoasca 
and Chloroneura, and described different specimens of the 
insect as three separate species. One of Walsh's species was 
Empoasca viridescens/ the second was Empoasca consobrina and 
the third was Chloroneura malefica. Later, Walsh (1863) 
admitted that E. consobrina was only a variety of E. virides­
cens . Gillette (1898) confirmed that E. viridescens and E. 
consobrina were the same. Ball (1924) showed that Chloroneura 
malefica of Walsh equals E. viridescens of Walsh equals E. 
consobrina of Walsh equals Tettigonia fabae of Harris. Forbes 
(1884) found specimens of the insect on apple and described 
them as a new species under the name Empoa albopicta. Later, 
Forbes (1886) discovered that the insect had been previously 
described as T. mali, but he felt that the original name 
should be ignored. Woodworth (1889) put albopicta, fabae, eind 
Walsh's malefica in the genus Empoasca. Gillette (1890) put 
mali under Empoasca, but ignored E. fabae. Gillette (1898) 
described some specimens as Empoasca pallida and others as 
Empoasca flavescens. De Long (1931a,b, 1938) showed that the 
specimens described by Gillette as pallida were ordinary 
fabae preserved in alcohol such that the alcohol bleached 
the insects, leaving white specimens. De Long (1931b) men­
tioned that E. flavescens of Gillette was probably E. fabae 
10 
because E. flavescens occurs only in Europe. De Long (1931b) 
could not confirm what Gillette's flavescens was, because he 
had no access to the type specimen, Gillette (1898) pointed 
out that what Berg described in 1879 as Typhlocyba photophila 
in Argentina was nothing but E. mali. In short, the potato 
leafhopper is found in the literature under 16 names, 15 of 
which were listed by Medler (1940). The present author 
brought the list up to date by adding the 16th name, Typhlo­
cyba fabae (Harris). The new list is as shown below. 
Tettigonia fabae Harris 1841 
Erythroneura fabae (Harris) 1851 
Typhlocyba fabae (Harris) 1851 
Empoa fabae (Harris) 1852 
Tettigonia mali Le Baron 1853 
Empoasca viridescsns Walsh 1862 
Empoasca consobrina Walsh 1862 
Chloroneura itialefica Walsh 1862 
Typhlocyba photophila Berg 1879 
Empoa albopicta Forbes 1884 
Empoasca malefica (Walsh) 1889 
Empoasca albopicta (Forbes) 1889 
Empoasca fabae (Harris) 1889 
Empoasca mali (Le Baron) 1890 
Empoasca pallida (Gillette) 1898 
Empoasca flavescens (Fabricius) 1898 
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The insect's common name was less confused than the 
scientific name. After the work of Harris (1841), who found 
it on Windsor bean, many workers referred to the insect as 
the bean leafhopper. It was later called apple leafhopper 
by some workers after Le Baron (1853). The name, bean-vine 
erythroneura, was used by Fitch (1851), but that name was not 
popular. Walsh (1862) referred to his Chloroneura malefica 
as the culprit leafhopper. The name potato leafhopper, which 
is approved by the Entomological Society of America (Blicken-
staff, 1970), was given to the inject by Ball (1918, 1919a). 
Description 
General and technical descriptions of the potato leaf­
hopper have been made by several workers, such as Harris 
(1852, 1862), Gillette (1898), De Long (1938), Fenton and 
Hartzell (1923), Kartzell (1323), Osbom (1924, 192Sa,b), 
and others. In the present study, an abridged description of 
the insect should suffice. 
The adult potato leafhopper (Figure 1) is about 3 mm 
long and 0.7 mm wide at the base of the head, tapering 
posteriorly. It is light-green, but has a row of six white 
spots on the front margin of the pronotum. There is a white 
"H" pattern on the mesonotum and there are three white spots 
just posterior to the "H". The elytra are somewhat trans­
lucent. There are slight variations in shades of color and 
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markings, some individuals being more yellowish than others. 
Furthermore, the markings are less distinct in some than in 
others. Usually a microscopic examination of the genitalia 
can help confirm identifications. Both adults and nymphs 
have the habit of walking sideways and staying on the under­
sides of leaves. The adults are agile and will fly at the 
slightest disturbance. 
The eggs, which are normally inserted in plant tissues, 
are elongate, fairly cylindrical and slightly curved. Each 
egg is about 0.82 mm long and 0.25 mm in diameter and is 
translucent and slightly greenish. When the eye spots develop, 
they appear as reddish dots on the anterior end of the egg. 
There are five nymphal instars. As might be expected, 
the nymphs, especially the late instars, look very much like 
the adults except for their small size, lack of wings, and 
undeveloped genitalia. The first instar is very tiny and pale 
white. It is hardly visible to the naked eye. It becomes 
light yellowish green after feeding. At this stage the insect 
is about 1 mm long and the eyes are dull red. 
The other instars are basically similar to the first 
except for differences in size, color of eyes, and wing-pad 
development. The second instar is about 1.30 mm long and the 
eyes are less reddish than those of the first instar. The 
third instar is about 1.85 mm long, with almost white eyes. 
At this stage, wing pads begin to develop, and these pads may 
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extend to the hind margin of the first adbominal segment. The 
fourth instar is about 2.10 mm long and the eyes are white. 
The wing pads extend to the hind margin of the second ab­
dominal segment. The fifth instar is about 2.60 mm long, with 
dull-white eyes. The wing pads may extend to the hind margin 
of the fourth abdominal segment. 
The late instar nymphs are as agile as the adults, but 
since the former do not fly, their movement is restricted to 
rapid sideways running and occasional hopping. 
Distribution 
The geographical distribution of the potato leafhopper 
has been discussed by only a few workers. Fenton and Hartzell 
(1923) discussed the presence of the species in several states 
of the eastern US. Fenton and Hartzell believed that the 
insect was widely distributed throughout the United States and 
that it was abundant in the eastern part of the country. 
According to Fenton and Hartzell (1923) the insect had been 
reported by writers from nearly every state in the Union and 
from Nova Scotia, Ontario, British Columbia, Mexico, Puerto 
rico and Argentina. They pointed out that the insect did not 
occur in Europe. De Long (1931a, 1938) discussed the distri­
bution of the potato leafhopper in the United States. He 
showed that the insect was abundant in the Eastern, Midwestern 
and North-Central regions. A distribution map drawn by De Long 
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(1931a) showed the potato leafhopper as covering approximately 
the eastern half of the USA, with the western boundary being 
South Dakota, Nebraska, eastern Colorado, north-east New 
Mexico and northern and eastern Texas. De Long (1938) also 
showed that a few specimens were collected from California at 
Centerville, Spreckels, Salinas, Watsonville, King City, San 
Jose, San Bruno, Turlock, Bakersfield, Santa Margarita, and 
Santa Cruz.. However, he pointed out that the specimens from 
California were so few that the populations could not be con­
sidered economically significant. Contrary to previous 
opinions. De Long (1931a), 1938) did not believe that the 
potato leafhopper was widely distributed throughout the US. 
He said that previous records which showed the potato leaf­
hopper as being widely distributed did not differentiate between 
E_. fabae and its close relatives such as E. filamenta and E. 
arida. Poos and Wheeler (194 3) too discussed E. fabae distribu­
tion. 
The most recent and most comprehensive distribution map 
is that of the Commonwealth Institute of Entomology (1953), 
which showed the world distribution of the potato leafhopper 
(Figure 2). According to the map, the insect occurs only in 
the Western Hemisphere, covering southern Canada, the eastern 
half of the USA, Central America and the West Indies, and 
parts of South America. In Canada the insect occurs in 
the bays of Newfoundland, southern Alberta (to 51® North 
Latitude), the extreme south of British Columbia, the extreme 
Figure 2. World distribution of the potato leafhopper 
COMMONWEALTH INSTITUTE OF ENTOMOLOGY 
DISTRIBUTION MAPS OF INSECT PESTS 
S«ries A, Map No. 28. lamed June, 1953. 
PlMUhtd tUi' 41 Queen # Gate, London, S.W.7. 
Pest : Empoasca fabcie (Harr.) 
(PMIU LMAoppv) 
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south of Manitoba (to 49*40' North Latitude) , New Brunswick, 
Nova Scotia, south and south-east Ontario (to 51*40' North 
Latitude), Prince Edward Island, south Quebec, and southern 
Saskatchewan (to 52*30' North Latitude). In the USA the 
insect occurs in California, Wyoming (extreme south-east), 
eastern Colorado, North Dakota, South Dakota, Nebraska, 
Kansas, Oklahoma, south-eastern Texas, Minnesota, Iowa, 
Missouri, Arkansas, Louisiana, Wisconsin, Illinois, Michigan, 
Indiana, Ohio, Kentucky, Tennessee, Mississippi, Alabama, 
Georgia, Florida, New York, Pennsylvania, Maryland, West 
Virginia, Virginia, District of Columbia, North Carolina, 
South Carolina, Vermont, New Hampshire, Connecticut, New 
Jersey, Delaware, Maine, Massachusetts and Rhode Island. The 
insect occurs in Costa Rica in Central America. In West 
Indies, the insect is found in Cuba, Puerto Rico, Virgin 
Islands, Barbados and Dominican Republic. In South America, 
the insect occurs in northern Argentina, southern Brazil, 
British Guiana, Peru, and Venezuela. 
Life History of the Potato 
Leafhopper 
The life history of the potato leafhopper has been dis­
cussed by several workers (probably hundreds of workers). 
The most complete and relatively recent reports include those 
of Fenton and Hartzell (1923) and De Long (1938). Some of the 
18 
more recent papers emphasize specific areas of the subject. 
Reproduction in the potato leafhopper is bisexual and 
involves egg laying subsequent to mating. According to De Long 
(19 38), mating normally occurs within 48 hours after emergence. 
Fenton and Hartzell (1923) reported that the time in coitus 
varied from 10 to 45 minutes. De Long (1928, 1938) observed 
that one mating was sufficient to fertilize all the eggs 
that an individual female would lay throughout her entire 
life. He showed that there was no difference in the number 
of fertile eggs laid by females that mated just once and 
females that mated several times, it was also noticed by 
De Long (1938) that any male could mate with any female re­
gardless of differences in brood. For example, a male from 
first brood could mate with a female from third brood and 
vice versa. 
Preoviposition 
The preoviposition period, which includes the mating 
period, varies with individuals. Fenton and Hartzell (1923) 
were the first to attempt to determine the preoviposition 
period of the potato leafhopper. They found that the pre­
oviposition period ranged between 18 and 29 days with an 
average of 23.3 days. However, they pointed out that indirect 
methods were used, because it was difficult at that time to 
know exactly when the eggs were laid. De Long (1938) 
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recorded an average period of 6.4 days for the potato leaf-
hopper. He stressed that, if mating occurred within a few 
hours after emergence, as usually happens in the field, the 
preoviposition period was 3-8 days. On the other hand, if 
mating was delayed, the preoviposition period would become 
longer. He showed that, usually, if two females were mated 
at the same time, both would produce fertile eggs on the same 
day, regardless of any difference in age. 
Oviposition 
Fenton and Hartzell, (1923) working on potato, and De Long 
(1938), working on bushbean, showed that there was variation in: 
(1) the total number of eggs that an individual potato leaf-
hopper laid, (2) the number of days over which eggs were laid, 
and (3) the number of eggs laid per day. Carlson and Hibbs 
(1562) and O'Keeffe (1965) showed that the number of eggs 
laid varied among host species and among genetic variants 
within host species. Fenton and Hartzell (1923) showed that 
a potato leafhopper female could lay from 1 to 5 fertile eggs 
per day. De Long (1938) reported some extreme cases such as 
a female that laid 226 eggs in 47 days, or an average of 4.8 
eggs per day, and another female that laid 153 eggs in 26 
days, or an average of 5.9 eggs per day. At the same time 
he also mentioned the case of a female that laid 25 eggs in 
23 days, or an average of 1.1 eggs per day. The highest 
record for one day, according to De Long (1938), was estab­
20 
lished by a female that laid 8 eggs in a 24-hour period. 
De Long (1938) showed an average of 2.7 eggs per day for the 
potato leafhopper, based on the records of several females 
studied over a 3-year period. He showed a lifetime average 
of about 200 eggs per female. 
The actual process of oviposition was studied by Carlson 
and Hibbs (1970), who showed that oviposition behavior began 
during feeding and that preoviposition acts lasted 3 to 30 
minutes. Oviposition itself lasted about 2 minutes, and 
postoviposition acts lasted 1 to 4 minutes before feeding was 
resumed. The length of the egg-laying period seems to vary 
considerably; however, the longest periods include the follow­
ing: (1) a female taken from early bean on May 25, 1927 
remained alive for 92 days and laid 195 eggs during that 
period: (2) another female emerged as an adult on June 29, 
1927, was mated on the same day, and lived for 91 days, 
laying 216 eggs in 85 days (De Long, 1938). These 2 records 
seem to confirm a statement by Fenton and Hartzell (1923) 
that in nearly all cases females laid eggs up to or within 
a few days of death. De Long (1938) observed that sudden 
drops in maximum and minimum temperatures inhibited egg 
laying. 
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Incubation 
According to Fenton and Hartzell (1923) the incubation 
period of the egg ranged from 10-14 days under field conditions 
in Iowa, with an average of 12 days. These authors pointed 
out that the incubation period was influenced by temperature. 
They mentioned that an incubation period of 7 days was ob­
served when the experiments were performed in the greenhouse 
with an average temperature nine degrees higher than in the 
field. De Long (1938) showed that the minimum incubation 
period in Southern Ohio was 7 days for the first 3 broods 
and 10 days for the fourth brood. He showed that the maximum 
incubation period ranged from 11-19 days. He came up with 
an average of 10 days. Beyer (1922a) reported incubation 
periods of 5-9 days in Florida. De Long (1938), like Fenton 
and Hartzell (1923) , stressed the inverse relationship between 
temperature and incubation period. 
Hatching 
The hatching process was described by Fenton and Hartzell 
(1923) and De Long (1938). These authors observed that most 
nymphs emerged in the morning. Fenton and Hartzell (1923) 
noticed that hatching took place at the same time throughout 
a whole field and suggested that certain conditions of tempera­
ture and humidity greatly influenced hatching. Fenton and 
Hartzell (1923) observed that during July, the hatching period 
came between 8:30 and 9:30 A.M., but later in September there 
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was no hatching until 10:00 A.M. De Long (1938) observed a 
similar relationship between the hatching period and the time 
of year, noting that in June, July, and the early part of 
August most of the nymphs emerged before 9:00 A.M., but in 
late August and in September most of them did not emerge until 
nearly noon. According to De Long (1938) the hatching process 
required about 30 minutes. De Long (1938) mentioned that 
many nymphs were unable to free their legs and in some cases 
their abdomen, and these individuals died during the hatching 
process. 
Nymphal development 
All potato leafhopper nymphs, after hatching, pass 
through five nymphal stages before becoming adults. However, 
the length of time required for the total nymphal development 
varies tremendously. Washburn (1908) from Minnesota reported 
that the 1st nymphal stadium was 3-5 days, the 2nd was 1 day, 
the 3rd was about 6 days, the 4th was about 6 days, while the 
5th was about 4 days. He reported an average of 22 days from 
egg to adult. Fenton and Hartzell (1923) showed a minimum 
of one day for each of the first 4 instars and a minimum of 
2 days for the 5th instar. They showed a maximum of 5 days 
for the 1st instar, 4 days for the 2nd, 6 days for the 3rd, 
6 days for the 4th and 8 days for the 5th. This means that, 
mathematically speaking, the nymphal developmental period 
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could range from 6 to 29 days. In practice Fenton and Hartzell 
(1923) found a range of 7-26 days with an average of 13 days. 
De Long (193 8) found a range of 8-26 days with an average 
of 15 days. 
Fenton and Hartzell (1923) pointed out the great correla­
tion between temperature and rate of nymphal development. 
They observed that in July the insect spent only a week in 
the nymphal stage, whereas in September and October, due to 
cool weather, the nymphal stage lasted up to 26 days. These 
authors found that 85®F was the optimum temperature for nymphal 
development. They said that above and below 85°F the develop­
ment period increased. At 9 0°F, according to Fenton and Hart­
zell (1923), the first, second, and third instars were killed, 
although some of the fourth and fifth instars survived. 
De Long (1938) confirmed that there was a definite correlation 
between temperature and rate of development, assuming that 
humidity was above a certain minimum requirement. Kouskolekas 
and Decker (1966) reported that between 60® and 83°F rate of 
development was directly related to temperature and that 
maximum development occurred at about 86°F. It is interesting 
to know that the optimum established by Kouskolekas and Decker 
(1966) was about the same as that established by Fenton and 
Hartzell (1923) . Kouskolekas and Decker (1966) went further 
to predict that if the peak oviposition date was known and the 
daily temperatures were accurately recorded, the peak adult 
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emergence of the developing leafhoppers could be expected 
when 480-500 degree-days (over a base of 52.5®F) have accumu­
lated . 
Longevity of adults 
Beyer (1922a) reported that adult potato leafhoppers lived 
for 32-64 days, Fenton and Hartzell (1923) showed that the 
longevity of "summer generation" females ranged from 1-124 
days with an average of 45 days for 44 observations, while 
the average of ten females having the greatest longevity was 
90 days. These authors showed an average longevity of 17.1 
days for 21 males. De Long (1938) showed that the average 
longevity for potato leafhoppers, male or female, was ca. 
34 days, with a range of 1-92 days. 
Seasonal History of the 
Potato Leafhopper 
Number of generations 
The number of generations (broods) to be expected per 
season seems to depend on factors such as geographical loca­
tion, weather conditions and probably type or host. For 
instance, Beyer (1922b) reported up to 6 generations of the 
potato leafhopper in Florida, while most workers from the 
Northern states reported 2-3 generations per season. Lathrop 
(1918a,b) reported 2 broods on apple in New York. Lathrop 
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(1918b) noticed that after the 2 complete generations, he con­
tinued to find nymphs until frost. He suggested that those 
nymphs that emerged so late probably represented a third 
generation. De Long (1938) reported 4 generations on bean in 
Illinois, but only one of the generations was complete. He 
reported one complete generation, a second almost complete, 
a partial third, and a smaller partial fourth. Forbes and 
Hart (1900) reported 4 generations on sugarbeet in Illinois. 
Washburn (1908, 1909) reported 3 generations on apple in 
Minnesota. Fenton and Hartzell (1923) reported 2 generations 
on potato in Iowa, and Webster (1910) reported 4 on apple. 
Because Webster (1910) and Fenton and Hartzell (1923) worked 
in the same state, Iowa, the difference in their records may 
have been due to a difference in hosts, a difference in taxo-
nomic concepts, or other minor details. De Long (1938) 
pointed out that the generations overlapped greatly and that 
there was no definite break in infestation on bean plants in 
the field at any particular time. A break in infestation was 
observed only when the beans began to age and the leafhoppers 
sought younger plants (De Long, 1938). De Long (1938) also re­
ported that as long as temperature and other conditions re­
mained favorable for development and activity, the adults of 
any given generation behaved similarly to the adults of any 
other generation. 
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Hibernation and migration 
Earlier workers believed that E. fabae overwintered in 
the northern states. For instance, Washburn (1910) reported 
that E. fabae overwintered in the egg stage on apple twigs 
in Minnesota. Webster (1910) stated that the insect over­
wintered in the egg stage in Iowa. Webster (1915) later con­
cluded that the insect overwintered both as eggs and as 
adults. Haseman (1913) believed that adults overwintered in 
Missouri. Lathrop (1918a,b) showed that E. fabae did not 
overwinter as eggs in apple twigs and that the overwintering 
eggs previously observed belonged to another species. How­
ever, he concluded that the insect overwintered in the adult 
stage in New York. Ackerman (1919) reported that the insect 
overwintered as an adult in Pennsylvania. Fenton and Hartzell 
(1923) believed that adult E. fabae overwintered in Iowa. 
Ackerman and Isley (1931) reported that the potato leafhopper 
overwintered as adults in Arkansas. 
More recent evidence contradicts the old findings on 
hibernation in the northern states. For instance. De Long 
(193lb) said that although a considerable amount of biological 
work had been done on this species, attempts to carry it 
through hibernation had been unsuccessful. He also said that 
when the insect appeared upon economic plants in the spring, 
it was in the adult stage, and this was not until late May 
or early June. Previously known forms of hibernating leaf-
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hoppers appeared in April or early May in the same area. 
Poos (1932) showed that neither the adult nor the egg of 
the potato leafhopper was found in hibernation in the field in 
Virginia and that all attempts to make them overwinter in 
cages failed. De Long and Caldwell (1935) declared that 
there were no authentic records or data to show that E. fabae 
overwintered in the northern states. They confirmed that all 
attempts to find E. fabae in hibernation in the field failed. 
They reported that all specimens of Empoasca that had been 
found in hibernation had been identified as specimens of 
other species. They also showed that all attempts to carry 
the insect through hibernation in fallen leaves, crop remnants, 
and similar debris in protected areas in Ohio proved un­
successful to such an extent that not a single individual 
survived. On the basis of the above negative evidences and 
in view of the sudden appearance of several adults in late 
spring, the authors strongly suggested that the potato leaf-
hopper overwintered in areas of milder climate and migrated 
into the northern states in the spring. Beyer (1922a,b) re­
ported that E. fabae passed the winter as adults in Florida, 
feeding on poke weed and castor bean. De Long (1938) con­
firmed Beyer's findings, stating that materials collected 
from the Gulf states during the winter months showed definite­
ly that E. fabae bred in those areas on alfalfa and similar 
crops. He also mentioned that potato leafhopper populations 
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in the Gulf states became large in March and April, thus 
adding more evidence to the migration theory. 
Medler (1957) reported on a cooperative study done to 
establish the migration pattern of the potato leafhopper. 
The evidence pointed to a spring migration from the Southern 
to the North-Central and Eastern USA. Decker (1959) confirmed 
that E. fabae could not withstand the rigors of winter that 
prevailed in the North-Central states. He said that the 
potato leafhoppers began to disappear rapidly after the first 
killing frost in the fall. Consequently, according to Decker 
(1959) , this insect could rarely be found in Minnesota and 
Wisconsin after mid-November, or in Illinois, Iowa, Missouri 
and even Kentucky after mid-December. He confirmed that 
survival in large numbers in winter was possible only in 
limited areas of extreme south Louisiana, north Florida, and 
the Gulf Coast of Texas. He further stated that only a very 
small number of leafhoppers which found particularly favorable 
shelter could survive in areas more than 100 miles north of 
the Gulf Coast. Decker (1959) observed the rapid development 
of potato leafhopper populations on clover, alfalfa and winter 
vetch in February and April in the extreme south. He also 
noticed that in early or mid-May when the clovers began to 
mature and were no longer attractive to the leafhoppers and 
the vetch was plowed under, "literally billions of leaf­
hoppers per acre" were left without a suitable food supply. 
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According to Decker (1959) it so happened that on favorable 
days at that time of the year thousands of small dust devils 
could be seen skimming across the fields raising dust and at 
times picking up straw, dry leaves and small twigs as they 
went. He suggested that millions of the potato leafhoppers 
were probably carried aloft by those dust devils and other up-
currents to a point where they could be whisked off to the 
far north on air currents. He suggested that these air 
currents (referred to as low jet streams when they are 
particularly fast) eventually would come against a cold front 
and the insects would be precipitated. 
The idea of the potato leafhopper being carried to the 
upper air is not strange at all because Wellington (1945c) 
had shown that thermal convection was responsible for the 
vertical transport of many small insects. Wellington (1945c) 
observed that under proper atmospheric conditions thermal 
acceleration (of air) produced vertical velocities of 8 or 
more m/sec. He stated that such velocities were ample for 
the vertical transport of the minute insects and weak fliers 
of the "plankton-zone" type, which might be caught up in the 
thermal currents. The horizontal transportation of insects 
in the upper air is conditional. Wellington (1945b) suggested 
that the wind at higher levels be considered a horizontal 
distribution factor only if the temperature of the level was 
such that the insect deposited in it was active enough to 
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maintain altitude. He believed that no matter how weak the 
insect was it should be able to adopt a flight attitude, even 
though it could not break free of the air current. He de­
clared that if the insect was inactivated or inert, or if it 
was wingless and lacking silken strands, the horizontal wind 
should be ruled out as a means of transport in the absence 
of vertical currents. However, he pointed out that insects 
cooled below their minimum flight temperatures always folded 
their wings into the normal rest position and thus dropped. 
The average minimum flight temperature for Cicadellidae was 
found by Wellington (1945a) to be 13.9°C (57°F). 
Click (1960) made an airplane survey over a wide area 
from north-east Louisiana and Mississippi, through Arkansas 
to northern Illinois and Indiana. He reported the presence of 
E. fabae at altitudes of 100 to 5000 feet from the beginning 
of May to the beginning of June. On the basis of Wellington's 
(1945a,b) theory it is reasonable to assume that the leaf-
hoppers caught in the upper atmosphere were alive. Fortunate­
ly, this assumption was justified by the work of Taylor (1960) 
who showed that 99% of the insects caught in nets at heights 
of 1000 to 5000 feet were alive. The 1% death, according to 
Taylor (1960), was probably due to handling the nets and the 
long time (5 hours) that some of the insects stayed in nets 
exposed to the desiccating action of the wind. 
with the migration mechanism so explained, it is not 
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surprising that Medler (1962) found an association between 
May surface airflow patterns and potato leafhopper dispersal. 
Huff (1963) also showed a strong relationship between synoptic 
weather conditions and potato leafhopper influxes into 
Illinois. Decker and Cunningham (1967) showed that at tempera­
tures of 40°-60°F (the temperatures in the migration path), 
potato leafhopper females could survive 24-40 hours at low 
humidity and up to 80 hours at high humidity (the males were 
said to be less tolerant to cold). This fact seems to account 
for why the potato leafhoppers (especially the females) were 
able to survive several miles in the air currents. According 
to Pienkowski and Medler (1964) , insects may be precipitated 
out of the air current by: (1) being caught in a down-draft, 
(2) becoming exhausted, (3) termination of flight response 
behavior, (4) being precipitated out with rain, or (5) 
falling to the ground when cooled. 
Host Plants of the Potato 
Leafhopper 
Many workers have discussed the host plants of the 
potato leafhopper. Gillette (1898) was the first to make a 
list of food hosts. Forbes and Hart (1900) added other plant 
names to Gillette's list. Washburn (1908) gave a list for 
Minnesota. Ackerman (1919) listed the hosts known up to that 
time. Beyer (1922b) listed the hosts known in Florida. 
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Partial lists were made by Dudley and Wilson (1921), Fenton 
and Hartzell (1923) , and other authors. Medler (1941) listed 
the hosts known up to that time, grouping them by families 
and showing their scientific and common names. The most 
recent and comprehensive list seems to be that of Poos and 
Wheeler (1943, 1949). In 1943 these authors showed that the 
insect had been found on at least 13 8 species of plants, out 
of which it had been reared on 111, including broadbean, 
potato, alfalfa, cowpea, apple and soybean. In 194 9 they 
added 97 more plant names to the list. In short, the potato 
leafhopper is a general feeder. In the past, many authors, 
including Dudley and Wilson (1921), Poos amd Smith (1931), 
Batten and Poos (193 8) and others, believed that the potato 
was the most favorable host. Further tests by Poos and 
Wheeler (1943) showed that broadbean. Vicia faba L., was 
preferred to potato both for oviposition and for nymphal 
development. Poos and Wheeler (194 3) explained that by the 
time 20 generations developed on potato, 26 generations 
developed on broadbean. They also mentioned that the adults 
of these generations were larger and more vigorous on broad­
bean. 
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Nature of Plant Injury Caused 
by Potato Leafhoppers 
Before any serious investigation is undertaken on an in­
sect pest, it is advisable to know the exact role that the 
insect plays in causing plant injury. The potato leafhopper 
brings about a disease-like condition called hopperburn 
(tipburn) in many of its favorable hosts. Hopperburn was 
observed in Iowa by Osborn (18 96), who noticed the "burning" 
of potato leaves after the potato leafhopper had fed on them. 
Ball (1919a,b) and Carter (1962) described the symptoms of 
hopperburn. The first obvious symptom in leaves is of the 
tips, and sometimes the margins, becoming brown as if burned. 
The "burning" progresses inwards until only a narrow strip of 
green leaf tissue is left on either side of the midrib. If 
the infestation is heavy, most or all of the leaves curl and 
dry out. 
Ball (1919a,b) believed that hopperburn was caused by a 
certain material transmitted by the potato leafhopper. Some 
investigators suspected that hopperburn was a virus disease 
and that the potato leafhopper was the vector of the virus in 
question. A statement by Howitt (1920) quoted below was 
typical of some of the workers of his time ; "Mosaic evidently 
spreads in the one year from diseased to healthy plants and 
one of the chief agents in its transmission appears to be the 
leafhopper (Empoasca mali Le Baron)." 
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During a discussion on hopperburn in the 33rd Annual 
Meeting of the American Association of Economic Entomologists, 
Metcalf (1921) said; "I think we have here a complication of 
physiological processes which are really very poorly under­
stood. It must be remembered that this same potato leafhopper 
is in the South the principal insect enemy of the soybean and 
causes on the leaves of the soybean a peculiar leaf spot on 
which a plant pathologist that I know worked for about five 
or six years and never arrived anywhere." 
Later, the following evidences against the virus theory 
were reported. Granovsky (1928) showed that the rate and 
severity of the burning was roughly proportional to the density 
of the potato leafhopper population and the duration of the 
infestation. Johnson (1934) showed that cuttings of affected 
plants grown in a leafhopper-free environment showed no symp­
toms of hopperburn. Poos (193 8) showed that if leafhoppers 
were removed from an infested plant while the burn was 
progressing, the plant could survive. With all these 
evidences, researchers were convinced that hopperburn was not 
a pathogenic disease. Attention was then focused on specific 
histological and physiological aspects of the problem. 
Granovsky (1930) observed gradual disorganization and 
granulation of the plastids within tissues fed upon by E. 
fabae, with complete disorganization of the phloem region of 
severely injured tissue. He suspected that enzymes from the 
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salivary secretion of the insect was responsible for the in­
jury. Smith and Poos (1931) believed that the injury was the 
result of interference with translocation of plant materials 
which produced wilting when xylem vessels were plugged or 
yellowing or reddening when the phloem was disorganized and 
plugged. Medler (1941) observed some abnormalities in plant 
cells around feeding sheaths left within plant tissues after 
E. fabae had fed. He hypothesized that the injury was caused 
by a "specific compound" in the salivary secretion of the in­
sect. He reported that the secretion caused hypertrophy in 
affected cells and that its effect was first characterized by 
nuclear enlargement and prominent safranin-stained nucleoli. 
He believed that the hypertrophied cells caused an interrup­
tion of translocation processes which in turn initiated 
secondary external symptoms of chlorosis or reddening in al­
falfa leaves. Even though the above-named authors disagreed 
in some aspects, they all admitted that a salivary secretion 
was involved in the hopperburn-producing process. Berlin and 
Hibbs (1963) found sucrase and diastase in the potato leaf-
hopper's salivary gland macerates. McCampbell (1969), using 
appropriate carbohydrate substrates, detected maltase, tre-
halase, melibiase, cellobiase, B-D-fructosidase and a-D-
galactosidase in the salivary secretion of the potato leaf-
hopper. There may still be other compounds to be discovered 
in the insect's salivary secretion, but at present it seems 
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that enzymes are at least partially involved in the hopper-
burn-producing process. No definite conclusions can be made 
until more detailed studies have been done on this subject. 
Economics of Potato Leafhopper 
Damage 
The literature is filled with economic notes on the 
potato leafhopper. In this work, therefore, it seems reason­
able to give just a few examples to illustrate the economic 
implications of potato leafhopper damage. The insect has been 
found to be economically important on potato, alfalfa, young 
apple trees, beans, cowpeas and same other crops. For instance. 
De Long (1938) reported that in the case of hopperburn on 
potatoes, the normal number of tubers were usually produced, 
but they were so small that they were ordinarily not worth 
harvesting. He mentioned that in average cases of light in­
festation, 30 to 50-percent losses were usually suffered. 
De Long reported that when beans were attacked the first 
blossom produced pods, but the plant did not produce other 
blossoms. Eckenrode and Ditman (1963) observed that 
leafhopper-infested lima beans produced 57-291 lbs. (depending 
on the variety) less shelled beans per acre than did non-
infested beans. De Long (1938) explained that while he was 
attempting to carry out experiments for the control of the 
Mexican bean beetle (Epilachna varivestis) in southern Ohio 
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(1924-1925), he noticed that the potato leafhopper became so 
abundant as to destroy entire plots of young beans intended for 
control experiments. Johnson (1936) showed that alfalfa 
yellowed by potato leafhopper attack contained only half the 
amount of carotene that green alfalfa contained, and this 
implied half potential for Vitamin A activity. Wilson, Davis 
and Williams (1955) showed that when leafhoppers were con­
trolled on alfalfa before cutting, nine varieties averaged 
45% more growth two weeks after cutting and the next spring's 
first cutting produced 1/3 ton more hay/acre. 
The potato leafhopper is found in large numbers on 
soybean, but its pest status has not been determined. Most 
of the studies that have been done with soybean and the potato 
leafhopper have been in connection with relative tolerance of 
different varieties to leafhopper attack. For instance, 
Poos (1929) reported that among 15 species of Homoptera (14 
leafhopper species and 1 planthopper species) tested in 
Virginia, only E. fabae caused serious injury to forage 
legumes. He showed that non-pubescent soybeans were seriously 
injured both in the field and in cages, whereas the pubescent 
types were not seriously injured. Poos and Smith (1931) 
showed that a glabrous soybean variety, SPI 55069, showed a 
greater infestation and oviposition by E. fabae than the 
pubescent varieties 'Dixie' and 'Herman'. They worked with 
soybean, red clover, etc. and concluded that, in general. 
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within a species the rough-hairy pubescent varieties were 
usually much less injured by this leafhopper than the non-
pubescent or appressed pubescent varieties. Hollowell and 
Johnson (1934) reported that in soybeans, freedom from injury 
by the potato leafhopper was correlated with the occurrence of 
rough-hairy pubescence. Johnson and Hollowell (1935) also 
reported heavy potato leafhopper infestation and damage on 
glabrous soybean type as opposed to light infestation and 
minimum damage on the pubescent type on the same field. 
Wolfenbarger and Sleesman (1963) and Singh, Hadley and Bernard 
(1971) recognized 5 types of soybeans on the basis of the 
amount and type of pubescence. The types were; (1) dense, 
(2) normal, (3) sparse, (4) curly or appressed, and (5) 
glabrous. Wolfenbarger observed that glabrous and curled 
types were highly susceptible to leafhopper injury, while 
the sparse lines were moderately resistant, and the dense and 
normal pubescence types were very resistant. Singh, Hadley 
and Bernard (1971) also showed an inverse relationship between 
degree of pubescence cind level of infestation by the potato 
leafhopper, with the dense type having the lightest infestation 
and the glabrous type having the heaviest. Broersma, Bernard, 
and Luckmann (1972) pointed out that the orientation of the 
hairs (pubescence) was more important in resistance to the 
leafhopper than the number of hairs. 
Johnson and Hollowell (1935) stated that practically all 
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the soybean varieties grown commercially in the US were of 
the rough-hairy type. They mentioned that glabrous varieties 
were grown widely in the Orient because of their resistance 
to the soybean pod borer. The soybean pod borer, Grapholitha 
glycinivorelia Matsumura, was and is still a major pest in 
the Orient, but it lays fewer eggs on glabrous varieties than 
it does on pubescent ones (Nishijima and Kurosawa, 1953). 
Fortunately, the soybean pod borer is not known to occur in 
the US, just as the potato leafhopper is not known to occur 
in the Orient. 
Although pubescence has been shown to offer some degree 
of protection to the soybean against the potato leafhopper, 
the fact still remains that this insect occurs on soybean, 
regardless of the crop's pubescence. Unfortunately, as far 
as is presently known, no bioeconomic studies have been re­
ported in connection with the potato leafhopper and soybean. 
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MATERIALS AND METHODS 
Maintenance of Potato Leafhopper 
Colonies 
Experiments were conducted in 1971 and 1972 to determine 
the bioeconomics and larithmics of the potato leafhopper on 
soybean in central Iowa. These experiments were made possible 
as a result of potato leafhopper colonies maintained in the 
greenhouse of the Iowa State University Insectary. Therefore, 
a brief description of how the colonies were maintained seems 
appropriate. 
Soil was mixed at the ratio of 2 parts silt to 1 part 
sand and passed through a compost mill, which broke the soil 
clods and mixed the materials thoroughly. Galvanized-steel 
flats, about 15x22x4 in., were filled with the mixed soil. 
Because the flats had drainage holes, a piece of fine-meshed 
screen was placed in each flat before the flat was filled 
with soil. The soil was then sterilized in a steam sterilizer 
for about 30 minutes. When the soil became cool, the flats 
were transferred into sleeved colony cages, 20x24x24 in. in 
size. Inside each cage was a l-in.-deep base-pan in which the 
flat was placed. About 40 broadbean seeds were planted in 
each caged flat. To water the plants, water was poured into 
the base-pan. The water was then pulled upwards by capillary 
force through the flat's drainage holes into the soil. 
Pairs of cages were placed on wooden frames, supported by 
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clay pots in an open mote pan. The 2.5-in.-deep mote pan 
was filled with water to prevent mite infestations. The water 
was charged with sodium hypochlorite 5.25% to prevent the 
growth of algae in the mote. The whole greenhouse was 
sprayed weekly with tetradifon (2.5 g of 50% tetradifon per 
gallon of water) for mite control. 
The broadbean plants were usually ready for infestation 
at the age of 2-3 weeks. About 70-80 leafhoppers were normally 
transferred from older colonies into each fresh cage with a 
mouth aspirator. Spiders and spiderwebs were removed from 
cages whenever observed to avoid additional leafhopper mor­
tality. The temperature in the greenhouse was set at 80®-
86and incandescent lamps were hung over each cage and 
operated on a 15-hr photoperiod. Each colony was ready for 
use about 3-4 weeks after infestation. Flats with dead plants 
and leafhoppers were removed cind the cages were cleaned and 
readied for new plantings. Occasionally, when too much honey-
dew was observed in a cage, it was washed with soap, water 
and brush. In summer, the old colonies were usually replaced 
with fresh leafhoppers from the field. 
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Bioeconomics of the Potato 
Leafhopper on Soybean 
Damage-potential test 
Like other farmers in the US, Iowa farmers grow pubes­
cent varieties of soybean. Therefore, before any elaborate 
experiments on bioeconomics were initiated, it was deemed 
necessary to find out if the potato leafhopper was capable 
of causing any noticeable damage on pubescent soybean. The 
variety used in this experiment was "Amsoy" , a widely grown 
variety in central Iowa. 
On May 11, 1971, 6 flats of soil were prepared and kept 
in colony cages. The following day, 32 seeds of Amsoy soy­
bean were planted in each flat. Three of the cages were in­
fested when the plants were at stage 1 (Tahle 1) and about 
9-in. tall. Each infested cage received 500 leafhoppers. 
This was an average of about 16 leafhoppers per plant. Obser­
vations were made each day for 5 days, and the final results 
were recorded and photographed on the sixth day. 
Damage-density relationship tests 
After preliminary investigations indicated that the 
potato leafhopper was capable of causing noticeable damage on 
pubescent soybean, experiments were planned to establish 
damage-density relationships. A knowledge of the different 
amounts of damage done at various leafhopper densities is 
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essential to determine economic-injury levels. 
It is logical to assume that economic-injury levels vary 
with the various stages of plant development. Agronomists 
recognize 11 developmental stages in soybean plants (Kalton, 
Weber and Eldredge, 1949). The stages and their respective 
characteristics are shown in Table 1. With limited resources 
it was not feasible to investigate damage at all stages of 
the plant. Stages 1, 4 and 7 were therefore used in the field 
tests, i.e., different densities of potato leafhoppers were 
tested against stages 1, 4 and 7 of Amsoy soybean. At each 
stage, plants were infested at 4 levels, including the check. 
The experiment was replicated 3 times with 4 plots per repli­
cate at 3 plant stages. This gave a total of 36 plots, that 
were caged before the 1st infestation. 
The cages, 15x30 in. and 45-in. high, were made of wooden 
frames covered with Saran® screen (32 mesh per linear in.). 
Each cage had a small hole for the purpose of infestation; 
however, the hole was plugged with a rubber cork except when 
in use. Each infestation hole was either 6 in., 2 ft, 
or 3.5 ft from the bottom of the cage, depending on the stage 
to be infested. 
Although each stage had 4 levels of infestation, the size 
of the infestation at each level was different among stages 
because of plant growth (Table 2). Consequently, for analy­
tical purposes the different stages were considered as separate 
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Table 1. Soybean stages and their respective characteristics' 
Stage of 
growth ,SS; General description of plant development 
June 18 
June 2 8 
July 8 
4-6 
7-9 
12-14 
July 15 15-18 
July 21 21-24 
First trifoliate leaf completely 
unrolled, second trifoliate leaf 
in bud stage of unrolling 
Three trifoliate leaves completely 
unrolled, fourth one beginning to 
unroll. Some cotyledons dropped 
Five to six trifoliate leaves un­
rolled. One to 5 percent of 
plants flowering 
Seven to eight trifoliate leaves 
unrolled. Scxne stem branching. 
Forty to 60 percent of plants 
flowering with one to four flowers 
per plant. 
Nine to ten trifoliate leaves un­
rolled. More stem branching 
evident. Full bloom stage with 
withered flowers in lower leaf 
axils 
Aug. 2 26-28 Pods in lower half of plants well 
formed and up to 1/2 inch long. 
Practically through blooming 
although a few flowers still in 
evidence in tops of plants 
Aug. 12 
Aug. 26 33-35 
31-33 Pods plainly evident in tops of 
plants. Lower pods nearly full 
length with beans developing in 
them. Flowering ceased 
Pods in top of plants full length. 
Pods in lower half of plants con­
taining beans approaching "green 
bean" stage. No yellowing of 
leaves 
^After Kalton, Weber and Eldredge (1949). 
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Table 1 (Continued) 
Stage of Average ^hei^ht General description of 
growth date (inches) plant development 
9 Sept. 4 33-36 Bottom leaves on plants begin­
ning to yellow. Top pods almost 
fully developed with beans 
approaching "green bean" stage 
10 Sept. 13 34-37 Leaves 30 to 50 percent yellow 
with a few falling. Lower pods 
yellowing 
Table 2. Infestation of caged soybean with potato leafhoppers 
soybean gate of infestation Infestation levels 
stage I; I3 
1 June 18, 1971 0 5 10 15 
4 July 14 & 15, 1971 0 40 80 120 
7 Aug. 6 & 7, 1971 0 100 200 300 
1 June 1, 1972 0 5 10 15 
4 July 6 & 7, 1972 0 40 80 120 
7 Aug. 5 & 6, 1972 0 50 100 200 
47 
experiments. A randomized block design (with 3 blocks and 4 
treatments) was used in each experiment. 
Estimates of the numbers to be used for the field tests 
were obtained from greenhouse experiments. For stage-1 
infestation, 10 soil flats were placed in 10 empty colony 
cages and seeded with Amsoy soybean. About 12 seeds were 
sown in each flat, but the seedlings were thinned down to 10 
after germination. When the plants reached stage 1, infesta­
tions of 0, 1, 2, 3 and 4 leafhoppers per plant were made, 
with 2 cages per treatment. It was determined arbitrarily 
that the lowest leafhopper density at which 50 per cent or 
more of the leaves in test cages showed hopperburn symptoms 
by the 7th day would be a medium infestation level (Ig)• 
Following this, it was designated that the low infestation 
(I^) would be half of I2, and that tha high infestation (I,) 
would be 1.5 times . At the end of the seventh day, the 
plants were checked carefully and none of the density levels 
used qualified as for stage 1. The flats were then removed 
and the cages were cleaned. The experiment was repeated but 
with densities of 4, 6, 8 and 10 leafhopper per plant. It 
was observed on the seventh day after infestation that about 
50% of the leaves in the cages with 10 leafhoppers per plant 
showed symptoms of hopperburn. Consequently, 10 leafhoppers 
per plant was the I2 for stage 1. As a result I^ was 5 
leafhoppers per plant and I^ was 15 leafhoppers per plant 
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(Table 2) . 
The greenhouse test procedure was basically the same for 
the 3 stages considered, except that fewer plants per cage 
and higher leafhopper numbers per plant were tested at more 
advanced stages. Accordingly, 4 plants per cage were used for 
the stage-4 tests, and 2 plants per cage were used for the 
stage-7 tests. Since plants at stage 4 were about 7 or 8 times 
as large as plants at stage 1 the numbers tried were 40, 60, 
80 and 100. The resulted in 80 leafhoppers per plant. The 
numbers tried for stage 7 infestation were 100, 150, 200 and 
250, and the I2 was 200 leafhoppers per plant. The work was 
arranged in such a way that the greenhouse tests for each 
stage were completed at least a week before the infestation of 
that stage in the field. 
Soybean were planted in the Iowa State University 
Insectary Garden on June 1, 1971. By that time the field 
cages were under construction. The seedlings were at stage 
0 when the construction of the cages was completed. Soybean 
rows were planted 30 in. apart and each plot was a 1-ft-
long row. Fiants in each plot were thinned down to 10. The 
cages were installed in such a way that the row of plants had 
about 15 in. of row width on either side. Furthermore, the 
space between each end-of-row plant and cage frame was about 
1.5 in. This was designed to avoid friction between the main 
stem and the cage. Each cage was fastened to the ground on 
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the 2 broad sides by means of 2 wooden pegs, 4 screw-eyes and 
2 strong pieces of wire. 
Field cages were infested for the first period (stage 1) 
on June 18/ 1971. The transfer of leafhoppers from the 
colony cages in the greenhouse to the field cages in the 
Insectary Garden was accomplished by means of a mouth aspira­
tor, with 50 leafhoppers transferred each time. If too many 
leafhoppers were transferred at any 1 time, many of them would 
die before reaching the field. A total of 900 leafhoppers 
was used for the stage-1 infestation. 
Unfortunately a rain storm with winds up to 80 mph 
occurred in central Iowa on July 7, 1971. The storm blew off 
many of the test cages. Of the 3 replicates during the stage 
1 infestation, 2 were destroyed by the storm. This left only 
1 replicate of the stage-1 infestation for 1971. After the 
storm, the necessary gathering, repair and reinstallation of 
cages were done in preparation for later infestations. The 
plants had lodged, but those in experimental plots were raised 
up by hand before being recaged. 
The stage-4 infestation was made on July 14 and 15, 1971, 
with 2 replicates infested on the 14th and 1 on the 15th of 
July. About 6 weeks before the stage-4 infestation, leafhopper 
colonies had been increased to meet the increased demand for 
leafhoppers during the infestation. The stage-4 infestation 
required 7,200 leafhoppers, compared to 900 used for the stage-
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1 infestation. 
The stage-7 infestation, which was made on August 6 
and 1, 1971, required 18,000 leafhoppers according to the 
greenhouse estimate. Because of limited greenhouse space and 
other factors it was not possible to produce the required 
number of leafhoppers. As a result, only 1 replicate was 
infested. 
The plots were kept under continual observation both be­
fore and after infestation. The plants were harvested on 
October 8, 1971, and the pods were removed from each plot, 
bagged, weighed and shelled. The beans were dried in an 
oven at 80°C. Samples were weighed daily until they reached 
constant weights, when the drying was stopped. The final 
weights were then recorded. 
The 1972 planting was done on May 21. As usual, the 
seedlings were thinned to 10 per plot before the cages were 
installed. The cages were anchored to the ground securely to 
avoid wind damage. The infestation dates for stages 1, 4, 
and 7 are shown in Table 2. The numbers for the stage 7 in­
festation were reduced in 1972 (Table 2), based on the 1971 
findings. 
The soybean were harvested on October 3 and 4, 1972. 
The harvesting process was like that of 1971, but specific 
attention was given to individual plants within plots to better 
assess the response of the plants to leafhopper damage. Data 
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were therefore collected on main-stem yield and tiller (branch) 
yield of each plant as follows: (1) number of pods per plant, 
(2) number of beans per plant, (3) weight of beans per plant, 
(4) weight of pods per plant, (5) volume of bean per plant, 
(6) weight of stem per plant, and (7) number of beans that 
failed to develop on each plant. After all the necessary 
cutting, bagging and drying, the different components of the 
harvest were weighed, and seed volume was determined in each 
case by volumetric displacement of water. 
Potato Leafhopper Populations 
on Soybean 
Field sampling 
To determine when the potato leafhopper starts to appear 
on soybean in central Iowa, it is advisable to know when the 
insect starts to appear. Usually soybeam are planted at the 
end of May or the beginning of June in Iowa. Because it was 
possible for the potato leafhopper to be present before that 
time, the first group of samples was taken in May in alfalfa. 
Alfalfa, an alternative host, is green in Iowa by the begin­
ning of May. This first set of samples consisted of sweep-
net collections from 4 alfalfa fields near Ames. Sampling 
was done by taking 10 sweeps per sample and 6 samples per 
field. Sconples were taken twice each week and were continued 
until the end of May. For detailed identification the 
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abdomens of leafhoppers collected were cleared in 10% potas­
sium hydroxide (KOH) for about 3-4 hr auid then transferred 
into glycerol in which the genetalia were exposed for micro­
scopic examination. 
The second set of samples, which was begun in early June, 
was designed to show trends in potato leafhopper populations 
throughout the soybean growing season. At the same time these 
samples were designed to show the effect, if any, of soybean 
proximity to alfalfa on potato leafhopper population densi­
ties. It is understood, of course, that such an effect, if 
it exists, would be through the migration of leafhoppers from 
alfalfa to soybean or vice versa. For this second set of 
sangles the D-Vac® vacuum insect net was used instead of the 
regular sweep net. The sampling area consisted of 6 one-
acre plots — 4 of soybean and 2 of alfalfa, located within 
10 miles of Ames, Iowa. Two of the soybean plots were adja­
cent to the 2 alfalfa plots, while the other 2 soybean plots 
were relatively distant (not within sight) from any alfalfa 
field. 
Each 1-acre plot was divided into 4 subplots and 1 sample 
was taken in each subplot. Each sample consisted of 10 sample 
sites, which were randomly selected in the subplot, using a 
2 table of random numbers. Each sample site was 1 ft of 
ground surface, on which the D-Vac hose cone was allowed to 
vacuum for 5 seconds. Coincidentally, it was observed that 
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the D-Vac® vacuumed an average of 3 plants per site. In 
summary, there were 6 plots with 4 subplots per plot, 1 sample 
per subplot, and 10 sample sites per Scunple. Samples were 
taken once a week from the beginning of June, when the plants 
were emerging, to the third week of September, when the soy­
bean were mature and had no leafhoppers left on them. 
Greenhouse experiments 
After a partial analysis of the 1971 data, it was observed 
that natural leafhopper populations did not reach the economic-
injury level at any time during the growing season. It was 
therefore decided to identify some of the limiting factors 
associated with these low numbers. Before detailed experi­
ments were initiated, a short experiment was performed to 
confirm the conspicuous difference between the leafhopper 
population growth on soybean and the population growth on the 
preferred host, broadbean. 
On January 4, 1972, 2 soybean cages and 2 broadbean cages 
were infested with 100 leafhoppers per cage. The plants in 
each cage were 3 weeks old at the time of infestation. On 
February 4, 1972, a month after infestation, observations were 
made and the results were recorded. 
After this experiment had indicated a considerable dif­
ference in leafhopper population growth rate between the 2 
hosts, some detailed experiments were planned. These later 
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experiments were designed to show whether the difference was 
in the number of eggs laid, in the number of nymphs that 
hatched; or in the number of nymphs that survived to adult­
hood. For these detailed experiments 8 pots were filled with 
soil and each pot was placed on a metal tray inside a colony 
cage. Three Amsoy soybean seeds were planted on March 20, 
1972 in each of 4 caged soil-filled pots, while 3 broadbean 
seeds were planted in each of the other 4 caged pots. After 
1 week the seedlings were thinned down to 2 per pot. At the 
age of 2.5 weeks the plants were infested with 20 leafhoppers 
(10 males and 10 females) per cage. Observations were made 
each day to ensure that the leafhoppers were in the cages. 
None was dead or missing throughout the period of exposure 
in this experiment. After 6 days the plants were removed for 
processing and study. 
To process the plants a solution of 1 part lactic acid, 
1 part phenol, 1 part distilled water, and 2 parts glycerin 
was made and heated to boiling in a 4000-ml beaker. Plants 
from each cage were labelled, boiled in the solution for 3 min, 
and preserved in cold lactophenol solution. Leaves and stems 
were then examined under a dissecting microscope and carefully 
teased apart to expose the eggs. By that time the eggs had 
been made conspicuous (Figures 3 and 4) through the activities 
of the hot lactophenol solution, which coagulated the egg 
proteins and cleared the plant parts. The eggs were then 
Figure 3. Potato leafhopper eggs in broadbean stem 
Figure 4. Potato leafhopper egg in soybean petiole 
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counted and the numbers were recorded. This method was used 
by Carlson and Hibbs (1962) for locating potato leafhopper 
eggs in potato leaves. 
Another set of plants was grown and infested as usual 
(20 leafhoppers per cage). After 6 days the leafhoppers, 
rather than the plants, were removed. Observations continued 
on the plants such that the number of nymphs that hatched 
and the number of adults produced from each cage were known 
and recorded. 
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RESULTS AND DISCUSSION 
Damage Potential of the Potato 
Leafhopper 
The damage-potential test showed that the potato leaf-
hopper is capable of causing noticeaible damage on pubescent 
soybean. Infested plants began to show damage symptoms 1 day 
after infestation, the symptoms consisted of considerable 
stunting of the plants with curling, necrosis and drying of 
leaves (Figure 5). By the 6th day the damage was so great 
that it was considered unnecessary to continue the experiment. 
Previous works with the potato leafhopper on soybean 
involved comparisons between glabrous and pubescent types of 
soybeans in terms of their relative resistance to the potato 
leafhopper. Such comparisons necessitated the planting of 
glabrous and pubescent types together in the same plot, either 
in alternate rows or mixed together in the same rows. The 
result in each case was that the leafhoppers were found in 
greater numbers on the glabrous type than on the pubescent 
type, with the glabrous type being seriously damaged and the 
pubescent type showing no visible damage. 
Undoubtedly, the glabrous type is more susceptible and 
is preferred to the pubescent type when they are grown 
together. However, where only pubescent soybeans are grown 
such as in the US, it is necessary to understand the damage 
potential of natural leafhopper populations to these varieties. 
Figure 5. Potato leafhopper damage to pubescent soybean. 
The plants on the right were exposed at stage 1 to 
about 16 leafhoppers per plant for 6 days. The 
plants on the left constitute the check 
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The damage-potential test revealed that pubescent soybean is 
not iinmune to potato leafhopper damage. 
It is logical to assume that an insect that caused a 
noticeable damage on a given crop can cause an economic damage 
on that particular crop. Therefore, it is reasonable to 
assume that the potato leafhopper can cause economic damage 
on pubescent soybean, depending on the numbers present. This 
assumption was the basis for the experiments on density-damage 
relationship tests. 
Soybean Response to Potato 
Leafhopper Damage 
Apart from providing data for the calculation of economic-
injury levels (EIL's), the 1972 density-damage relationship 
tests also yielded some information on the response of soybean 
plants to potato leafhopper damage. The complete data from 
the tests are shown in the Appendix (Tables Al, A2, and A3). 
In general, yields of plants infested at stage 1 showed 
decreasing trends with increasing leafhopper densities (Table 
3). The average number of pods per plant decreased from 38.63 
at an infestation of 0 leafhoppers per plant to 27.97 at an 
infestation of 15 leafhoppers per plant, and the differences in 
number of pods produced at the different infestation levels 
were highly significant (P = .0007, cf. Table 4). There was a 
similar trend for the number of beans with highly significant 
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differences between treatments (Tables 3 and 4). Bean 
weight, pod weight, bean volume and stem weight followed 
similar trends with highly significant differences among 
treatments. The only variable that showed no relationship 
with the potato leafhopper numbers was the number of un­
developed beans. This situation is not surprising because the 
number of undeveloped beans reflected the number of fertili­
zation failures among the flowers that did not abort. Any 
infestation shock suffered by the plants at stage 1 was not 
likely to affect the flowers because soybean plants do not 
flower until they reach stage 4. Any effect that the stage 1 
infestation could have on the flowers to be produced later is 
likely to be indirect through the reduction of plant vigor. 
In fact, the effect on other variables such as number of pods, 
number of beans, bean weight, and others can be viewed in 
terms of reduction of plant vigor. 
Yields of plants infested at stage 4 showed trends similar 
to those of stage 1 (Table 5). Furthermore, the differences in 
yields among infestation levels were significant for all the 
variables including number of undeveloped beans (Table 6). The 
new trend in number of undeveloped beans may not be difficult 
to understand. At stage 4 about 4 0-60 per cent of the plants 
were flowering with 1-4 flowers per plant. The leafhoppers 
were not observed attacking flowers directly, but it is pos­
sible that the plants' response to infestation shock at that 
Table 3. Yields of the different components of soybean plants infested at stage 1 
with various potato leafhopper densities in 1972 
Yield per plant 
rT>v.+. T ^  -cu No. of „ ~~ 7% Bean Pod Bean Stem No. of 
" p- pCt pids be;», "-'BIIIR' 
0 0 30 38.63 104.97 18.11 6.24 14.83 6.95 8.30 
1 5 30 36.40 99.27 16.46 5.54 13.82 6.30 10.47 
2 10 30 31-30 88.00 14.44 4.90 11.88 5.52 10.10 
3 15 30 27.97 77.4 0 13.10 4.44 10.78 4.50 6.50 
Table 4. An abridged analysis of variance for the different components of soybean 
plants infested at stage 1 with various density levels of the potato 
leafhopper in 197 2 
Variable Trt. DF Trt. MS Error MS F value Prob > F 
No. of pods 3 1403 .928 37.161 3 7 . 7 7 9 4 9  0.0007 
No. of beans 3 8988.64 410.97 21.87165 0.0019 
Bean weight 3 293.2653 2.5570 114.69306 0.0001 
Pod weight 3 36.95707 0.29681 124.51215 0.0001 
Bean volume 3 201.4375 3.5792 56.28056 0.0004 
Stem weight 3 66.68444 2.63762 25.28200 0.0014 
No. of un­
developed beans 3 200.0167 101.7333 1.96609 0.2203 
Table 5. Yields of the different components of soybean plants infested at stage 4 
with various potato leafhopper densities in 197 2 
Yield per plant 
Trt. Leafhoppers 
per plant 
No, of 
plants 
observed 
No. of 
pods 
No. of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
(g) (g) (g) (g) 
No. of 
undeveloped 
beans 
0 0 30 41.23 110.13 18.24 6.19 14.90 6.42 13.90 
1 40 30 35.67 96.70 16.55 5.62 13.68 5.20 9.50 
2 80 30 34.00 91.10 15.17 5.57 12.35 5.35 9.23 
3 120 30 28.43 76.37 13.34 4.80 10.92 4.45 5.50 
Table 6. An abridged analysis of variance for the different components of soybean 
plants infested at stage 4 with various density levels of the potato 
leafhopper in 19 72 
Variable Trt . DF Trt. MS Error MS F value Prob > F 
No. of pods 3 1666.178 48.961 34.03064 0.0008 
No. of beans 3 11723.93 738.99 15.86470 0.0038 
Bean weight 3 259.0646 5.6388 45.94337 0.0005 
Pod weight 3 19.31526 0.84963 22.73375 0.0018 
Bean volume 3 176.6819 4.0403 43.73015 0.0005 
Stem weight 3 39.65734 8.45872 4.68834 0.0518 
No. of un­
developed beans 3 708.5333 121.2667 5.84277 0.0331 
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stage affected the performance of the flowers. Although the 
variation in stem weight was significant for the stage 4 in­
festation (P = .0518) it was not as highly significant as it 
was for the stage 1 infestation (P = .0014). This difference 
in the significance levels should be expected, because at 
stage 4, much of the stem material has been laid down before 
the arrival of the leafhoppers. This is unlike stage 1, when 
only a very small portion of the stem was already formed. 
The decreasing trend of yield with increasing leafhopper 
numbers was also found with plants infested at stage 7 (Table 
7) . Understandably, the number of undeveloped beans showed no 
relationship with leafhopper numbers. Flowering ended at 
stage 6, while pod formation was already in progress. At 
stage 7, all the pods were already formed and were developing. 
In such a situation, any infestation at stage 7 could not be 
expected to affect flower fertilization in any way. Further­
more, because the pods had been formed before the stage 7 
infestation, there was no relationship between number of pods 
and leafhopper numbers. 
Generally, the tiller yields did not show any trend in 
relation to leafhopper numbers, except in the stage 1 infesta­
tion, where plants with lower leafhopper numbers showed more 
tiller yield than plants with higher leafhopper numbers. 
Table 7. Yields of the different components of soybean plants infested at stage 7 
with various potato leafhopper densities in 1972 
Yield per pl"an 
m^4- T ^  «U No. of „ Bean Pod Bean Stem No. of 
a oppers plants . * weight weight volume weight undeveloped 
per plant oggeryed pods beans (g* (g? (g, (q, beans 
0 0 
1 50 
2 100 
3 200 
30 38.40 
30 38.90 
30 38.03 
30 33.80 
106.67 18.60 
107.73 17.40 
103.40 16.56 
90.43 14.42 
5. 99 15 .13 
5. 83 14 .30 
5. 59 13 .42 
4. 82 11 .75 
6. 45 9. 60 
6. 65 14. 30 
6. 27 13. 30 
5. 73 11. 76 
Table 8. An abridged analysis of variance for the different components of soybean 
plants infested at stage 7 with various density levels of the potato 
leafhopper in 1972 
Variable Trt. DF Trt. MS Error MS F value Prob F 
No. of pods 3 331.133 68.117 4. 86127 0.0482 
No. of beans 3 3807.66 335.73 11. 34151 0.0078 
Bean weight 3 185.6134 0.4818 385. 23921 0.0001 
Pod weight 3 16.05998 0.5011 32. 04906 0.0009 
Bean volume 3 125.7444 0.2611 481. 57447 0.0001 
Stem weight 3 9.39392 2.37213 3. 96012 0.0717 
No. of un­
developed beans 3 251.2167 76.3500 3. 29033 0.1001 
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Economic-Injury Levels of the Potato 
Leafhopper on Soybean 
While it is scientifically justified to collect informa­
tion on all components of a harvest, only the marketable 
component is useful for the calculation of EIL's. Therefore, 
in estimating yield losses emphasis was placed on total bean 
weight per plot as an indicator of yield. 
During the 1971-72 period, yields of soybean plants in­
fested at stage 1 with various densities of the potato leaf-
hopper showed a consistent decreasing trend with increases in 
leafhopper numbers (Table 9). To understand the ramifications 
of this trend, a regression analysis was made with the 
objectives of determining: (1) the dependence of yield on 
leafhopper density, (2) the degree of yield-leafhopper 
dependence, and (3) the accuracy with which yield can be 
predicted from leafhopper numbers. 
The analysis of variance for the regression of yield on 
leafhopper numbers (Table 10) showed some variation in soy­
bean yield from 1 year to another (P = .0477). This condi­
tion is understandable because neither the plant environment 
(including temperature, moisture, wind, light, and soil 
conditions) nor plant vigor is necessarily constant between 
years. At the same time, the analysis revealed that the major 
factor influencing the yields of soybean in these experiments 
was the number of potato leafhoppers per plant (P = .0001). 
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Table 9. Yields in bushels per acre from caged soybean 
infested at stage 1 with selected intensities of 
potato leafhoppers 
Number of potato leafhoppers per plant 
— 5  ^ —  i r — —  
Year 1 Rep 1 71.6 66.8 54.8 41.2 
Year 2 Rep 1 73.2 67.2 57.2 52.0 
Rep 2 72.0 63.6 58.0 54.0 
Rep 3 72.4 66.4 58.0 50.8 
Mean 72.3 66.0 57.0 49.5 
Table 10. Analysis of variance for the regression of soybean 
yield (bean weight) on the number of potato leaf­
hoppers infesting the plants at stage 1 
Source 
Year 
Rep (Year) 
Leafhoppers 
Error 
Source 
Intercept 
Leafhoppers 
DF Partial SS F Value Prob > F R^ =0.9380 
1 36.0533 4 .8597 0.0477 
2 0.6667 0 .0449 0.9565 
1 1198.1520 161 .4998 0.0001 
11 81.6080 
B Values T for =0 Prob>1T ! Std. Err. B 
71.9433 59.6867 0.0001 1.2054 
-1.5480 -12.7083 0.0001 0.1218 
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The regression of yield on leafhopper numbers was negative 
2 
and linear. Tests showed that the quadratic element, cx / of 
2 the regression equation Y = a+bx+cx was insignificant. This 
indicated that the appropriate regression model for the yield-
leaf hopper relationship was Y = a+bx, where: Y = the expected 
yield, a = the Y intercept, a constant representing the 
average yield of uninfested plots, b = the slope of the re­
gression line, and x represents the number of leafhoppers 
present per plant. For the stage-1 infestation, Y = 71.94 -
1.55 X. 
Yields of plants infested at stage 4 (Table 11) showed 
trends similar to those of the stage 1 infestation and were 
therefore analyzed as such (Table 12). The variation between 
years was highly significant (P = .0001), but the variation 
due to leafhoppers was greater than the annual variation 
(P < .0001). For the stage-4 infestation Y = 69.17 - 0=17 X. 
The stage-7 infestation led to observations similar in 
pattern to those of the previous stages (Table 13). The dif­
ference in yields between years was highly significant 
(P = .0008, cf. Table 14), but, as in previous stages, the 
variation caused by leafhopper numbers was greater than that 
due to year (P = .0001). 
The regression lines derived from the experiments are 
shown in Figure 6. The slope, b, tends to be steeper with 
younger plants than with the older ones (-1.55 for the stage-1 
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Table 11. Yields in bushels per acre from caged soybean in­
fested at stage 4 with selected intensities of 
potato leafhoppers 
Number of potato leafhoppers per plant 
—0 "hns ôS i5o— 
Year 1 Rep 1 68.0 53.2 48.0 41.6 
Rep 2 67.6 55.6 51.6 44.0 
Rep 3 66.0 58.8 52.4 51.6 
Year 2 Rep 1 72.8 65.2 62.4 54.4 
Rep 2 73.6 66.8 62.0 49.2 
Rep 3 72.4 66.8 57.6 55.2 
Mean 70.1 61.1 55.7 49.3 
Table 12. Analysis of variance for the regression of soybean 
yield (bean weight) on the number of potato leaf­
hoppers infesting the plants at stage 4 
Source DF Partial SS F Value Prob > F II o
 
.9391 
Year 1 416. 6667 59 .6883 0.0001 
Rep (Year) 4 42. 1867 1 .5108 0.2428 
Leafhoppers 1 1370. 9280 196 .3882 <0.0001 
Error 17 118. 6720 
Source B Values T for H :B=0 Prob>|T| Std. Err. 
Intercept 69 .1733 76 .6506 0.0001 0, .9024 
Leafhoppers -0 .1690 -14 .0139 0.0001 0. 0121 
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Table is. Yield in bushels per acre from caged soybean 
infested at stage 7 with selected intensities of 
potato leafhoppers 
Number of potato leafhoppers per plant 
Q 1ÔÔ 175"^  3M 
Year 1 Rep 1 72.0 62.8 52.4 48.0 
Year 2 Rep 1 74.8 69.6 66.8 59.2 
Rep 2 74.0 68.8 65.6 57.2 
Rep 3 74.0 70.0 66.4 56.8 
Mean 73.7 69.5 65.4 56.4 48.0 
Table 14. Analysis of variance for the regression of soybean 
yield (bean weight) on the number of potato leaf­
hoppers infesting the plants at stage 7 
Source 
Year 
Rep (Year) 
OT Partial SS 
1 
2 
24.8403 
2.9867 
Leafhoppers 1 773.9814 
Error 11 11.9386 
Source B Values 
intercept 72.5823 
Leafhoppers -0.0818 
F Value Prob > F R =0.9879 
22.8874 0.0008 
1.3759 0.2928 
713.1321 0.0001 
T for H : B=0 Prob> T Std. Err. B 
o ' ' 
153.7673 
-26.7045 
0.0001 
0.0001 
0.4720 
0.0031 
Figure 6. Regression of soybean yield on number of potato 
leafhoppers present per plant 
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infestation, -0.17 for the stage 4 infestation, and -0,08 for 
the stage 7 infestation). This condition is not surprising, 
because age tends to increase vigor in plants and increased 
vigor tends to increase the plants' tolerance to insect 
attack. 
To calculate an EIL it is necessary to know not only the 
rate of yield reduction by the insect in question, but also 
the cost of controlling the insect and the market price of 
the crop. 
At present Iowa farmers use malathion at the rate of 1 
lb Al/acre to control the potato leafhopper on soybean.^ 
Presently 1 lb of malathion costs ca. $2.50 (Felco Chemical 
Co., 1973). The cost of application of the insecticide is 
2 $1.50/acre for ground spray and $2.00/acre for aerial spray, 
in which case the maximum cost of control is ca. $4.50/acre. 
The market price of soybean averaged $2.90/bu in 1971 and 
$3.29/bu in 1972,^ with a grand mean of ca. $3.10/bu for these 
years. The amount of yield loss that constitutes economic 
damage is referred to as 'gain threshold' (Stone and Pedigo, 
^H. Stockdale, Department of Zoology and Entomology, 
Iowa State University, Ames, Iowa. Control of the potato 
leafhopper on soybean in Iowa. Private communication. 1973. 
2 
H. B. Howell, Department of Economics, Iowa State Uni­
versity, Ames, Iowa. Custom rates of insecticide spraying in 
Iowa. Private communication. 1973. 
N. Wisner, Department of Economics, Iowa State Uni­
versity, Ames, Iowa. Soybean prices in Iowa. Private communi­
cation. 1973. 
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1972). The following formula is used to calculate gain 
threshold; 
Gain threshold (bu/acre) = nefpfife oT^rSp 
In this particular case, the gain threshold 
= Is'.lô^u^^ = 1.45 bu/acre 
The EIL for a given stage is the number of infesting leaf-
hoppers that would reduce the yield by 1.45 bu/acre. Because 
y = a+bx, it follows that bx = y-a = -(a-y). But a-y is 
the reduction (the intercept minus the expected yield). 
Therefore, bx = -1.45. For the stage 1 infestation bx = 
-1.55 X = -1.45. Therefore, x = 1.45/1.55 - 0.94 = 1. 
Consequently, the EIL for the stage 1 infestation is 1 leaf-
hopper/plant, i.e. an infestation of 1 potato leafhopper per 
plant at soybean stage 1 is economically significant. For 
the stage 4 infestation bx = -0.17 X = -1.45. Therefore, X = 
1.45/0.17 = 8.53 = 9, i.e. the EIL for the stage 4 soybean is 
9 leafhoppers/plant. For the stage 7 infestation bx = 
-0.08 X = -1.45. Therefore, X = 1.45/0.08 = 18.13 = 18, 
i.e. the EIL for the stage 7 soybean is 18 leafhoppers/plant. 
The EIL's are shown graphically in Figure 7. 
Figure 7. Economic-injury levels j;or the potato leafhopper on soybean in 
central Iowa 
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L 
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Table 15. Results of D-Vac 
central Iowa in 
samples taken 
1971 
on soybean in 
Soybean 
stage 
Number of 
samples 
Mean number of leafhoppers 
per plant + SE— 
1 16 0.06 + 0.017 
2 32 0.36 + 0.048 
3 16 0.16 + 0.023 
4 32 0.86 + 0.103 
5 16 0.45 + 0.039 
6 16 2.02 + 0.242 
7 16 0.82 + 0.156 
8 32 0.48 + 0.083 
9 16 0.11 + 0.022 
10 32 0.02 + 0.007 
Table 16. Results of D-Vac samples taken on soybean in 
central Iowa in 1972 
Soybean 
stage 
Nimber of 
samples 
Mean number of leafhoppers 
per plant + SE^ 
1 16 0.27 + 0.053 
2 32 0.93 + 0.112 
3 16 1.59 + 0.158 
4 32 4.52 + 0.396 
5 16 7.58 + 0.491 
6 32 3.52 + 0.612 
7 16 0.13 + 0.019 
8 32 0.17 + 0.030 
9 32 0.10 + 0.021 
10 16 0.00 + 0.002 
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Potato Leafhopper Population Trend on Soybean 
in Central Iowa 
In 1971 the first potato leafhoppers were observed on 
alfalfa on May 22, and in 1972 on May 20. By that time, 
soybeans were yet to be planted. With the insect appearing 
before the planting of soybeans, the seedlings were exposed 
to attack as soon as they emerged. The results of the D-Vac® 
samples are summarized in Tables 15 and 16, and the actual 
data are presented in the Appendix (Tables A4 and A5). These 
results revealed that the insect not only had immediate access 
to the emerging seedlings during the study period, but also 
remained on the plants until they reached maturity. The 
number of leafhoppers per plant was obtained by dividing the 
number per sample by 30 in each case. This is because the 
D-Vac® cone covered an average of 3 plants on each site, and 
there were 10 sites per sample. The sample estimates may not 
be exactly equal to absolute estimates, but the difference is 
likely to be very small. Detailed observation of freshly 
sampled plants revealed that in general, plants that were 
vacuumed by means of the D-Vac had no leafhoppers left on 
them. Occasionally 1 or 2 nymphs could remain (out of a sample 
of over 200 leafhoppers). 
The analysis of variance and the necessary statistical 
tests are shown in Table 17. Tests indicated that potato 
leafhopper numbers varied significantly from 1 year to another 
(P = .0036). There was no significant difference in leafhopper 
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numbers among fields (P = .3805) and proximity of alfalfa to 
soybean had no significant effect on leafhopper numbers in soy­
bean (P = .5331). Within each year, the numbers of leafhoppers 
observed at the different developmental stages of the plants 
were significantly different (P = .0001). Furthermore, the 
difference in leafhopper numbers among plant stages were not 
the same in different years (.0001 < P < .025). 
The population trends of the potato leafhopper on soy­
bean in central Iowa for 1971 and 1972 are shown graphically 
in Figure 8. The highest pesiks occurred about the middle of 
the soybean growing season. For instance, in 1971 the 
highest peak occurred around August 3, when the plants were 
at stage 6, and the only peak in 1972 occurred around July 
18, when the plants were at stage 5. It is interesting to 
note how different the amplitudes of the population peaks can 
be between years. Another interesting phenomenon is the sudden 
drop in population density soon after the peak has been reached. 
Pest Status of the Potato Leafhopper 
on Soybean 
To determine the pest status of the potato leafhopper on 
soybean, the population densities were compared with the EIL's 
at the different plant stages (Figure 9). The potato leaf­
hopper numbers failed to reach the EIL's throughout the growing 
season in the 1971 and 1972 study areas. In other words, the 
insect did not prove to be an economic pest on soybean in 
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Table 17. Analysis of variance for potato leafhoppers in 
central Iowa soybean during 1971 and 1972 
Source DP Mean Square F Value 
Year 1 216 .5051 46.8010 
Proximity to alfalfa 1 3 .0361 0.6563 
Year x Proximity 1 0 .5143 0.1112 
Error (a) 4 4 .6261 
Stage 9 89 .3240 20.8848 
Year x Stage 9 50 .6507 11.8426 
Proximity x Stage 9 4 .6606 1.0897 
Year x Proximity x Stage 9 0 .4106 0.0960 
Error (b) 36 4 .2770 
0.0036 
0.5331 
0.7513 
0.0001 
(.0001<P<.015) 
0.0001 
(.0001<P<.025) 
0.3943 
0.9992 
The probabilities in brackets were obtained with con­
servative degrees of freedom (1 for Stage, 1 for Year by 
Stage interaction, and 1 for Error b) because the soybean 
stages were not completely independent of one amother. 
Table 18. Mean number of potato leafhoppers produced per 10 
females on caged soybean and broadbean in the 
greenhouse over a 6 day period 
No. of Number on soybean Number on broadbean 
9 reps. + SE^ + SE-
Egg 4 9.75+0.87 246.75 + 12.73 
Nymph 4 5.00+2.94 214.50 + 20.17 
Adult 4 1.25 + 1.25 214.50 + 20.17 
Figure 8. Potato leafhopper population trends on soybean in central Iowa for 
1971 and 1972 
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Figure 9. Pest status of the potato leafhopper on soybean in central Iowa 
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central Iowa during the period of this work. However, a 
continual monitoring of natural populations is desirable, be­
cause the populations showed significant differences between 
years. 
The outcome of this pest evaluation does not call for 
immediate detailed investigations of the density-regulating 
factors of potato leafhoppers on soybean. It is important, 
however, to understand those population characteristics that 
contribute to low overall population levels. One of the major 
factors that seems to contribute to low densities is the in­
sect's low biotic potential on soybean. The potato leafhopper 
has a much lower natality and relatively higher mortality in 
soybean than it does in more favorable hosts. The results of 
the population growth studies conducted in the greenhouse re­
vealed that 40 leafhoppers laid 39 eggs in soybean plants 
during a 6-day period. During the same period 40 other leaf­
hoppers laid 987 eggs in broadbean. Furthermore, of the 2 0 
nymphs that hatched from soybean plants only 5 survived to 
adulthood. On the other hand, all the 858 nymphs that 
hatched from broadbean plants survived. The mean numbers of 
potato leafhoppers produced per 10 females on caged soybean 
and broadbean in the greenhouse over a 6-day period are shown 
in Table 18. 
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Recommendations 
Although this study concerned itself with the bio-
economics of a single species, it seems advisable that some 
future efforts be directed toward finding community economic-
injury levels. There are many species of phytophagous insects 
in soybean agroecosystems. Several of them may occur at sub-
economic levels and thereby be ignored, but the combined effect 
of several subeconomic populations may be more important than 
the effect of any single economic population. 
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SUMMARY 
The potato leafhopper, Empoasca fabae (Harris), is a well 
known pest of several economic crops, including alfalfa, apple, 
beans, clover, potato, and others. This insect has been found 
on soybean. Glycine max L., which happens to be the number 2 
crop in the U.S. The presence of such a notoriously injurious 
insect on such an economically important crop is viewed 
seriously by some soybean growers and agricultural entomolo­
gists. Previously, economic-injury levels were unknown, and 
some control programs have been initiated without economic 
justification. Such a practice can lead to abuse of insecti-
cidal chemicals, which is ecologically and economically un­
desirable. 
For maximum economic gain without ecological sacrifice 
a pest management approach is highly desirable. However, the 
pest status of the insect on the crop has to be determined 
first, and this can be done only through bioeconoraic experi­
ments and field population studies. 
The bioeconomic work was begun with a short experiment, 
which indicated that the potato leafhopper was capable of 
causing noticeable damage on pubescent soybean (the type 
commercially grown throughout the country). Later, other 
experiments were set up with caged soybean plots on the field 
to test different densities of the potato leafhopper against 
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stages 1, 4 and 7 of Amsoy soybean. 
The harvest showed a negative linear regression of soy­
bean yield on potato leafhopper numbers at each of the stages 
tested. The economic-injury levels (EIL's) were calculated, 
using the market price of soybean in Iowa, the cost of 
controlling the insect, and the insect's yield-reduction po­
tential. For the experimental plots, the EIL's were calculated 
to be : 1 leafhopper/plant for stage 1, 9 leafhoppers/plant 
for stage 4, and 18 leafhoppers/plant for stage 7. 
The field population studies involved sampling with the 
sweep net and then with the D-Vac®. Sweep net samples were 
taken twice per week in alfalfa fields from the beginning to 
the end of May to detect the first appearance of the potato 
leafhopper in central Iowa. D-Vac® samples were taken 
weekly on selected soybean fields from the beginning of June, 
when the seedlings were emerging, to the 3rd week in September, 
when the plants were mature and had no leafhoppers left on 
them. This was done to determine the population densities 
at short intervals during the growing season. 
The EIL's were plotted against the natural population 
densities to show the pest status of the insect on soybean. 
Results indicated that the insect failed to reach EIL's 
throughout the growing season in 1971 and 197 2 and was there­
fore not an economic pest. 
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Table Al. Yield data from soybean infested at stage 1 with 4 
density levels of the potato leafhopper in 1972 
Plant 
code 
no.^ 
Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
Of 
beans 
Bean Pod 
weight weight 
Bean Stem 
volume weight 
No. of 
undevelo 
beans 
1001 M 41 1Ô5 18.50 6.70 15.5 7.64 3 
T 17 50 6.68 2.35 5.0 1.60 9 
1002 M 48 126 21.35 7.46 17.5 9.00 8 
T 0 0 0.00 0.00 0.0 0.00 0 
1003 M 29 80 14.00 4.70 11.5 5.75 3 
T 3 9 1.40 0.40 1.0 0.10 1 
1004 M 31 81 14.60 5.05 12.0 4.74 3 
T 0 0 0.00 0.00 0.0 0.00 0 
1005 M 35 91 16.74 6.20 14.0 5.15 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1006 M 32 85 16.68 5.55 13 .5 6.00 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1007 M 37 105 21.63 7.32 18.0 7.33 3 
T 0 0 0.00 0.00 0.0 0.00 0 
1008 M 41 110 19.30 6.95 16.0 6.85 6 
T 6 14 2.50 0.90 2.0 0.30 1 
1009 M 28 74 12.70 4.40 10.0 4.45 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1010 M 38 100 16.50 5.40 14.0 4.90 15 
T 0 0 0.00 0.00 0.0 0.00 0 
1101 M 39 100 16.03 5.50 13.0 6.60 13 
T 0 G 0.00 0.00 0.0 0,00 0 
1102 M 25 61 10.50 3.50 9.0 4.00 9 
T 0 0 0.00 0.00 0.0 0.00 0 
1103 M 35 92 18.10 6.20 15.0 5.70 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1104 M 17 48 9.30 3.10 13.0 3.20 3 
T 0 0 0.00 0.00 0.0 0.00 0 
1105 M 47 125 20.70 7.20 17.0 7.25 18 
T 0 0 0.00 0.00 0.0 0.00 0 
1106 M 28 73 11.40 3.84 10.0 4.40 13 
T 0 0 0.00 0.00 0.0 0.00 0 
1107 M 44 127 21.50 7.60 19.0 8.80 15 
T 6 17 2.20 0.85 2.0 0.45 4 
1108 M 48 130 22.30 8.00 19.5 8.50 3 
T 0 0 0.00 0.00 0.0 0.00 0 
First digit of the plant code number represents the rep­
lication number, second digit represents the infestation level, 
while the third and fourth digits represent plant number. 
represents main stem yield, while T represents Tiller 
yield. 
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Table Al (Continued) 
Plant 
code 
no.& 
Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
of 
beans 
Bean Pod Bean 
weight weight volume 
Stem 
weight 
No. of 
undeveloped 
beans 
1109 M 35 96 15.75 5.10 13.0 6.60 14 
T 0 0 0.00 0.00 0.0 0.00 0 
1110 M 37 106 17.33 5.70 14.0 8.00 12 
T 0 0 0.00 0.00 0.0 0.00 0 
1201 M 26 78 10.95 3.95 9.0 5.90 19 
T 0 0 0.00 0.00 0.0 0.00 0 
1202 M 49 141 21.15 7.30 17.0 6.70 22 
T 0 0 0.00 0.00 0.0 0.00 0 
1203 M 19 52 9.50 3.16 8.0 3.35 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1204 M 18 52 8.40 2.70 7.0 3.30 5 
T 0 0 0.00 0.00 0.0 0.00 0 
1205 M 42 115 18.10 8.40 15.0 6.67 11 
T 0 0 0.00 0.00 0.0 0.00 0 
1206 M 33 93 16.40 5.50 14.0 5.10 5 
T 0 0 0.00 0.00 0.0 0.00 0 
1207 M 24 66 10.30 3.50 9.0 4.50 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1208 M 43 120 18.80 7.00 15.5 7.50 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1209 M 41 113 15.76 6.40 13.0 6.50 29 
T 0 0 0.00 0.00 0.0 0.00 0 
1210 M 3 J. 81 14.04 4.23 12.0 5.90 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1301 M 28 79 9.50 3.60 7.5 3.70 15 
T 0 0 0.00 0.00 0.0 0.00 0 
1302 M 24 65 11.70 4.44 10.0 3.46 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1303 M 25 75 14.40 5.10 12.0 4.70 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1304 M 18 45 8. 88 3.04 7.5 4,00 1 
T 0 0 0.00 0.00 0.0 0.00 0 
1305 M 30 78 12.20 4.06 10.0 4.37 8 
T 0 0 0.00 0.00 0.0 0.00 0 
1306 M 28 74 12.10 4.10 10.0 5.10 7 
T 0 0 0.00 0.00 0.0 0.00 0 
1307 M 20 51 8.90 3.00 7.5 2.70 0 
T 0 0 0.00 0.00 0.0 0.00 0 
1308 M 30 87 16.84 5.70 14.0 5.30 6 
T 0 0 0.00 0.00 0.0 0.00 0 
1309 M 33 92 17.60 5.80 14.5 5.80 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1310 M 41 112 18.36 6.80 15.0 4.50 10 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table Al (Continued) 
Plant 
code 
no.a 
Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
2001 M 18 51 9.75 3.10 7.0 4.60 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2002 M 55 154 25.20 9.05 21.0 11.70 10 
T 6 17 2.50 0.90 2.0 0.10 2 
2003 M 32 84 14.90 5.10 12.5 6.30 12 
T 0 0 0.00 0.00 0.0 0.00 0 
2004 M 23 58 8.20 3.30 7.0 4.66 17 
T 0 0 0.00 0.00 0.0 0.00 0 
2005 M 29 74 14.40 5.26 12.0 8.00 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2006 M 37 107 19.30 6.60 16.0 5.75 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2007 M 46 121 20.40 7.40 16.5 9.20 4 
T 14 43 6.40 2.06 5.5 1.38 3 
2008 M 47 125 20.00 8.07 17.0 10.22 10 
T 15 41 6.24 2.40 5.0 1.00 5 
2009 M 16 42 9.40 2.50 7.0 3.00 5 
T 0 0 0.00 0.00 0.0 0.00 0 
2010 M 50 134 23.20 8.45 20.0 8.80 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2101 M 18 52 8.18 3.00 7.0 2.84 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2102 M 55 156 24.70 8.20 20.0 9.56 22 
T 7 18 2.10 0.70 2.0 0.17 7 
2103 M 47 127 20.40 7.10 17.0 10.50 12 
T 28 77 11.00 4.00 9.0 2.50 10 
2104 M 26 71 12.50 4.00 10.0 5.20 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2105 M 32 87 14.70 4.80 12.0 5.84 12 
T 0 0 0.00 0.00 0.0 0.00 0 
2106 M 24 60 8.80 3.20 7.5 4.30 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2107 M 34 95 17.60 5.90 15.0 7.10 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2108 M 33 94 16.10 5.33 13.0 4.63 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2109 M 34 91 14.08 4.75 11.5 5.80 13 
T 0 0 0.00 0.00 0.0 0.00 0 
2110 M 20 58 9.00 3.24 7.0 3.86 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2201 M 32 94 13.30 4.25 11.0 6.40 15 
T 9 21 3.20 1.20 2.5 0.72 6 
2202 M 36 107 18.00 5.90 15.0 7.50 13 
T 4 11 1.80 0.50 1.5 0.50 0 
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Table Al (Continued) 
Plant 
code 
no.& 
5Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
2203 M 25 74 10.80 3.60 9.0 4.90 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2204 M 18 52 7.10 2.20 6.0 2.70 12 
T 0 0 0.00 0.00 0.0 0.00 0 
2205 M 26 73 10.90 3.64 9.0 4.36 13 
T 0 0 0.00 0.00 0.0 0.00 0 
2206 M 17 49 8.20 2.60 6.5 3.20 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2207 M 37 98 14.80 5.42 11.5 5.95 11 
T 0 0 0.00 0.00 0.0 0.00 0 
2208 M 39 110 16.45 5.40 13.5 8.00 16 
T 0 0 0.00 0.00 0.0 0.00 0 
2209 M 39 118 17.27 5.85 14.0 7.20 23 
T 0 0 0.00 0.00 0.0 0.00 0 
2210 M 42 120 20.30 6.80 17.0 9.04 11 
T 6 17 2.76 0.90 2.5 0.51 2 
2301 M 26 70 12.40 3.80 10.5 5.00 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2302 M 28 77 12.40 4.06 10.5 5.23 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2303 M 46 122 19.20 6.67 15.0 6.20 17 
T 22 64 8.65 2.80 7.0 1.90 10 
2304 M 23 62 11.10 3.60 9.0 3.10 3 
T 0 0 0.00 0.00 0.0 0.00 0 
2305 M 29 83 13.30 4.50 11.0 5.10 5 
T 0 0 0.00 0.00 0.0 0.00 0 
2306 M 26 73 13.43 4.27 11.0 4.43 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2307 M 11 29 4.75 1.60 4.0 1.70 0 
T 0 0 0.00 0.00 0.0 0.00 0 
2 308 M 38 104 17.40 5.60 14.0 6.83 16 
m 0 0 0.00 0.00 0 = 0 0.00 0 
2309 M 8 22 2.85 0.90 2.0 1.10 5 
2310 
T 0 0 0.00 0.00 0.0 0.00 0 
M 39 109 19.58 6.50 16.0 7.95 7 
3001 M 1 0 0.00 0.00 0.0 0.02 1 
T 0 0 0.00 0.00 0.0 0.00 0 
3002 M 30 93 15.20 5.40 12.0 9.13 9 
T 29 82 14.35 4.96 11.5 3.40 5 
3003 M 29 77 13.90 4 .20 11.0 7.30 2 
T 0 0 0.00 0.00 0.0 0.00 0 
3004 M 55 151 27.65 9.00 23.0 10.00 10 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table Al (Continued) 
Plant 
code 
no.& 
Plant 
part 
(M or 
T)b 
No. 
of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
Undeveloped 
beans 
3005 M 41 111 18.80 6.10 15.0 5.68 12 
T 0 0 0.00 0.00 .0.0 0.00 a. 
3006 M 59 165 25.25 8.60 21.0 10.80 26 
T 7 17 1.85 0.70 1.5 0.47 5 
3007 M 43 126 19.80 6.70 16.0 6.53 14 
T 0 0 0.00 0.00 0.0 0.00 0 
3008 M 22 59 11.10 3.70 9.0 5.00 2 
T 0 0 0.00 0.00 0.0 0.00 0 
3009 M 30 £5 15.43 4.90 12.5 5.70 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3010 M 39 102 17.60 5.40 14.0 6.00 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3101 M 36 103 16.46 5.50 13.0 6.70 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3102 M 49 138 24.25 8.20 20.0 9.60 12 
T 9 27 4.50 1.43 4.0 0.70 3 
3103 M 33 92 12.30 4.00 10.0 5.70 12 
T 7 17 2.45 0.75 2.0 0.20 2 
3104 M 41 117 21.46 6.50 18.0 7.40 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3105 M 36 101 15.68 5.18 13.0 6.50 15 
T 0 0 0.00 0.00 0.0 0.00 0 
3106 M 29 80 15.40 5.20 12.5 5.57 3 
T 0 0 0 .00 0.00 0.0 0.00 0 
3107 M 36 95 16.50 5.17 13.0 7.12 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3108 M 28 65 11.14 3.60 9.0 3.94 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3109 M 32 81 13.40 4.82 11.0 5.80 0 
T 8 24 3.60 1.02 3.0 0.27 3 
3110 M 20 51 9.30 3.00 7.5 2.60 3 
3201 M 12 32 5.00 1.60 4.0 2.00 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3202 M 13 33 4.80 1.60 4.0 1.43 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3203 M 41 113 19.80 7.00 16.5 6.20 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3204 M 33 92 19.38 6.53 16.0 6.10 2 
T 0 0 0.00 0.00 0.0 0.00 0 
3205 M 25 70 15.10 4.63 12.5 5.00 1 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table Al (Continued) 
Plant Plant No. No. 
code of of 
no.& T)b pods beans 
Bean Pod Be em Stem 
weight weight volume weight beans 
3206 M 25 72 11.80 3.90 9.5 4.22 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3207 M 27 72 12.60 4.25 10.0 4.30 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3208 M 27 76 13.70 4.60 11.0 5.00 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3209 M 41 120 20.13 7.30 17.0 7.60 13 
T 6 18 3.20 1.00 2.5 0.30 0 
3210 M 26 71 16.63 5.20 13.0 6.70 3 
T 7 16 2.66 0.90 2.0 0.30 2 
3301 M 25 71 11.90 4.58 9.5 4.14 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3302 M 33 94 16.30 5.63 13.5 5.13 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3303 M 23 64 10.33 3.44 9.0 3.70 9 
T 0 0 0.00 0.00 0.0 0.00 0 
3304 M 32 93 17.64 6.06 14.5 5.30 1 
T 0 0 0.00 0.00 0.0 0.00 0 
3305 M 35 108 20.05 6.68 17.0 5.44 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3306 M 21 60 9.20 3.30 7.5 2.60 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3307 M 21 55 8.60 2.90 7.0 2.80 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3308 M 25 68 11.19 3.40 9.0 4.60 3 
T 0 0 0.00 0.00 0.0 0.00 0 
3309 M 23 61 10.05 3.40 8.5 4.00 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3310 M 28 75 12.10 3.80 10.0 5.20 7 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A2. Yield data from soybean infested at stage 4 with 4 
density levels of the potato leafhopper in 1972 
Plant 
code 
no.3 
Plant 
part 
(M or 
T)b 
No. 
of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
1001 M 40 105 14.20 5.10 11.5 5.40 21 
T 0 0 0.00 0.00 0.0 0.00 0 
1002 M 46 122 17.40 5.90 14.0 9.50 28 
T 0 0 0.00 0.00 0.0 0.00 0 
1003 M 41 110 16.70 5.70 14.0 5.70 8 
T 0 0 0.00 0.00 0.0 0.00 0 
1004 M 19 52 9.52 3.00 8.0 3.77 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1005 M 45 130 20.39 6.30 17.0 8.54 20 
T 11 30 3.40 1.15 2.5 0.40 7 
1006 M 46 126 19.90 7.02 16.0 8.22 16 
T 5 15 2.20 Û .80 2.0 0.50 3 
1007 M 23 64 10.49 3.20 8.5 3.45 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1008 M 47 134 20.93 7.40 17.0 9.80 25 
T 15 44 5.56 2.10 4.5 1.40 11 
1009 M 39 109 17.72 6.10 14.0 8.30 15 
T 7 19 1.82 0.82 1.5 0.55 9 
1010 M 46 130 21.50 7.60 17.5 9.07 24 
T 0 0 0.00 0.00 0.0 0.00 0 
1101 M 52 142 24.78 8.40 21.0 6.50 8 
T 12 35 4.88 1.70 4.0 0.80 7 
1102 M 32 89 15.30 5 .22 13.0 4.30 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1103 M 19 53 10.24 3.30 8.5 3.20 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1104 H 31 78 12.60 4.36 10.0 3.48 13 
T 0 0 0.00 0.00 0.0 0.00 0 
1105 M 38 103 20.60 6.94 17.0 5.60 1 
T 7 21 3.38 1.12 3.0 0.46 4 
1106 M 29 78 11.50 4.15 10.0 4.10 12 
T 0 0 0.00 0.00 0.0 0.00 0 
1107 M 39 105 16.16 5.70 13.0 5.05 13 
T 0 0 0.00 0.00 0.0 0.00 0 
1108 M 41 109 18.15 6.25 14.5 6.56 14 
T 12 33 4.38 1.40 4.0 0.80 9 
First digit of the plant code number represents the rep­
lication number, second digit represents the infestation level, 
while the third and fourth digits represent plant number. 
represents main stem yield, while T represents 
Tiller yield. 
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Table A2 (Continued) 
Plant Plant 
code 
no.B 
part 
[M o 
T)b 
Bean Pod Bean Stem No. No. 
pods befns weight weight volume weight 
No. of 
undeveloped 
beans 
1109 M 24 70 10.10 3.63 è.5 4.50 12 
T 9 24 3.43 1.10 3.0 0.70 2 
1110 M 16 41 7.60 2.26 6.0 2.40 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1201 M 36 100 16.46 5.73 13.0 5.30 7 
T 0 0 0.00 0.00 0.0 0.00 0 
1202 M 42 106 14.12 4.90 11.5 4.10 15 
T 9 24 2.10 0.80 1.5 0.56 10 
1203 M 42 112 19.09 6.70 15.5 5.90 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1204 M 38 108 16.70 5.80 14.0 5.90 11 
T 0 0 0.00 0.00 0.0 0.00 0 
1205 M 35 97 18.50 6.33 15.0 5.10 5 
T 0 0 0.00 0.00 0.0 0.00 0 
1206 M 12 29 3.47 1.28 2.5 1.60 9 
T 0 0 0.00 0.00 0.0 0.00 0 
1207 M 40 108 21.90 7.80 18.0 5.10 7 
T 0 0 0.00 0.00 0.0 0.00 0 
1208 M 38 109 18.66 6.50 15.5 6 = 00 7 
T 4 12 1.50 0.50 1.0 0.35 4 
1209 M 31 90 13.30 4.65 10.5 4.85 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1210 M 26 72 10.30 3.80 8.5 3.80 12 
T 0 0 0.00 0.00 G. 0 0.00 0 
1301 M 27 64 9.60 3.39 8.0 3.20 8 
T 0 0 0.00 0.00 0.0 0.00 0 
1302 M 38 106 16.80 6.15 13.5 5.70 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1303 M 28 76 15.30 5.44 12.0 5.00 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1304 M 43 117 20.70 7.12 17.0 6.10 12 
T 6 17 2.99 0.80 2.5 0.30 X 
1305 M 16 44 8.61 2.98 7.5 3.40 2 
T 0 0 0.00 0.00 0.0 0.00 0 
1306 M 16 39 7.70 2.60 6.0 2.70 1 
T 0 0 0.00 0.00 0.0 0.00 0 
1307 M 25 62 12.32 4.50 10.0 4.90 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1308 M 18 48 9.29 3.10 7.5 2.83 2 
1309 
T 0 0 0.00 0.00 0.0 0.00 0 
M 21 61 11.32 3.90 9.0 3.80 4 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A2 (Continued) 
5' S 2. -~s. a. ""i -Ez!''" 
Î3l5 M 10 55 18.03 77515 TsTS T7^ 5 
T 7 17 3.15 1.30 2.5 0.77 1 
2001 M 36 97 16.10 5.46 13.0 5.00 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2002 M 47 139 23.70 7.80 20.0 8.20 11 
T 15 43 6.86 2.20 5.5 0.80 3 
2003 M 38 104 17.10 6.00 14.0 6.80 13 
T 7 16 1.82 0.70 1.5 0.20 6 
2004 M 33 94 16.65 5.73 14.0 4.20 5 
T 0 0 0.00 0.00 0.0 0.00 0 
2005 M 32 90 15.40 5.00 12.5 5.90 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2006 M 32 86 15.49 5.25 12.5 5.93 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2007 M 35 93 13.20 4.70 10.5 3.60 18 
T 0 0 0.00 0.00 0.0 0.00 0 
2008 M 39 106 18.00 6.01 15.0 6.56 12 
T 0 0 0.00 0.00 0,0 0.00 0 
2009 M 44 125 21.12 6.97 17.5 7.13 13 
T 0 0 0.00 0.00 0.0 0.00 0 
2010 M 41 119 18.95 6.40 15.5 6.00 13 
T 0 0 0.00 0.00 0.0 0.00 0 
2101 M 23 62 10.60 3.90 9.0 3.70 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2102 M 25 76 12.81 4.10 11.0 4.43 6 
T 2 5 0.68 0.20 0.5 0.20 1 
2103 M 30 87 14.19 4.90 12.0 5.30 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2104 M 51 139 21.60 7.88 18.0 6.55 16 
T 3 9 1.01 0.34 1.0 0.10 3 
2105 M 28 77 12,10 4.19 10.0 4.70 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2106 M 26 72 12.89 4.10 10.5 4.77 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2107 M 64 168 28.78 10.38 23.5 10.80 14 
T 5 12 1.94 0.60 1.5 0.10 2 
2108 M 30 86 13.89 4.83 11.5 4.90 5 
T 3 8 1.00 0.30 1.0 0.18 2 
2109 M 37 97 16.10 5.80 13.0 4.51 14 
T 0 0 0.00 0.00 0,0 0.00 0 
2110 M 38 103 18.93 7.10 15.5 5.30 4 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table ^  (Continued) 
Si £s ""'"t v%z w:î:t 4:%:!°^ ' 
2201 M 39 100 20.20 7.30 17.0 7.10 4 
T 6 17 3.40 1.10 2.5 0.50 . 1 
2202 M 32 77 15.72 5.20 13.0 5.10 3 
T 0 0 0.00 0.00 0.0 0.00 0 
2203 M 40 110 18.14 6.50 15.0 5.70 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2204 M 25 75 11.88 3.90 10.0 3.40 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2205 M 41 118 18.10 6.68 15.0 5.60 16 
T 0 0 0.00 0.00 0.0 0.00 0 
2206 M 27 79 14.60 5.10 12.5 6.30 4 
T 8 25 3.83 1.26 3.0 0.80 2 
2207 M 41 104 16.90 5.92 14.0 7.40 14 
T 11 32 4.50 1.50 3.5 0.90 6 
2208 M 23 66 9.60 3.30 8.0 2.62 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2209 M 27 80 12.00 4.30 9.5 4.80 11 
T 0 0 0.00 0.00 0.0 0.00 0 
2210 M 17 45 6.40 2.30 5.0 2.70 6 
T . 0 0 0.00 0.00 0.0 0.00 0 
2301 M 25 64 13.56 4.52 11.0 4.00 0 
T 0 0 0.00 0.00 0.0 0.00 0 
2302 M 24 5S 1 1 n-T • V r 4.00 9.0 4.00 
T 8 23 3.11 1.00 2.5 0.33 6 
2303 M 27 78 15.20 5.60 12.5 3.86 0 
T 6 18 2.12 0.63 1.5 0.30 5 
2304 M 30 80 15.16 5.50 12,5 5.00 0 
T 4 12 1.60 0.50 1.0 0.13 2 
2305 M 25 65 11.52 4.27 10.0 4.20 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2306 M 33 92 15.70 5.70 13.0 5.20 5 
T G 0 0.00 0.00 C • G 0. CO 0 
2307 M 29 85 10.90 4.37 9.0 4.00 15 
T 0 0 0.00 0.00 0.0 0.00 0 
2308 M 22 63 9.49 3.50 8.0 3.77 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2309 M 12 32 5.35 1.80 4.5 1.60 3 
T 0 0 0.00 0.00 0.0 0.00 0 
2310 M 27 70 12.04 4.43 10.0 4.60 7 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A2 (Continued) 
cod^ Bean Pod Be^ St^ undeveloped 
no. a 
JÔÔÏ M 47 108 18.45 5790 ÏSTS TTT^ ÏT 
T O O  0 . 0 0  0 . 0 0  0 . 0  0 . 0 0  0  
3002 M 37 91 17.63 5.50 14.0 5.30 9 
TOO 0.00 0.00 0.0 0.00 0 
3003 M 37 95 18.23 5.93 14.5 6.05 7 
TOO 0.00 0.00 0.0 0.00 0 
3004 M 38 101 20.20 6.60 17.0 5.70 6 
TOO 0.00 0.00 0.0 0.00 0 
3005 M 46 112 20.08 6.60 16.0 4.90 13 
TOO 0.00 0.00 0.0 0.00 0 
3006 M 36 95 15.90 5.50 13.0 3.70 10 
TOO 0.00 0.00 0.0 0.00 G 
3007 M 33 83 15.38 5.20 12.5 6.30 9 
T 12 30 3.90 1.40 3.0 0.70 7 
3008 M 37 89 16.60 5.70 13.5 5.90 4 
T O O 0 . 0 0  0 . 0 0  0 . 0  0 . 0 0  0  
3009 M 36 95 16.80 5.90 14.0 6.35 7 
T 3 7 1.10 0.35 1.0 0.20 1 
3010 M 43 90 15.85 6.30 13.0 6.80 8 
T 3 6 1.00 0.30 1.0 1 
3101 M 41 82 19.40 6.25 16.5 8.70 2 
T 15 44 7.50 2.20 6.0 0.70 6 
3102 M 42 111 21.80 6.90 18.0 6.10 9 
T O O 0 . 0 0  0 . 0 0  0 . 0  0 . 0 0  0  
3103 M 27 76 15.60 4.75 13.0 4.30 2 
T 8 23 3.20 1.00 2.5 0.37 4 
3104 M 28 81 17.30 5.32 13.5 5.40 1 
T O O 0 . 0 0  0 . 0 0  0 . 0  0 . 0 0  0  
3105 M 31 89 15.70 5.20 13.0 4.95 8 
T 4 12 1.90 0.50 1.5 0.26 2 
3106 M 39 111 18.70 6.40 15.5 5.80 8 
T O O 0 . 0 0  0 . 0 0  0 . 0  0 . 0 0  0  
3107 M 24 64 8.60 3.10 7.0 3.00 15 
TOO 0.00 0.00 0.0 0.00 0 
3108 M 21 48 7.40 2.60 6.0 2.47 7 
TOO 0.00 0.00 0.0 0.00 0 
3109 M 34 93 15.90 5.70 13.0 5.50 4 
T 10 27 3.75 1.30 3.0 0.62 7 
3110 M 20 58 10.10 3.10 8.5 3.10 5 
M 0 0 0.00 0.00 0.0 0.00 0 
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Table A2 (Continued) 
Plant 
code 
no. a  
Plant 
part 
(M or 
T)b 
No. 
of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
J201 M 35 99 18.30 7.27 15.0 8.00 5 
T 11 29 4.70 1.57 4.0 0.33 4 
3202 M 32 87 15.20 6.13 12.0 5.27 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3203 M 31 73 12.40 5.10 10.5 5.36 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3204 M 34 71 14.09 6.30 11.5 6.05 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3205 M 35 95 14.85 5.80 12.0 6.50 11 
T 0 0 0.00 0.00 0.0 0.00 0 
3206 M 24 66 10.62 4.15 8.0 4.72 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3207 M 27 67 7.92 3.63 5.5 4.00 15 
T 0 0 0.00 0.00 0.0 0.00 0 
3208 M 47 123 24.67 9.55 20.0 10.33 5 
T 0 , 0 0.00 0.00 0.0 0.00 0 
3209 M 25 66 10.88 4.20 9.0 4.40 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3210 M 25 62 10.19 4.10 8.5 3.92 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3301 M 20 60 9.50 3.30 7.5 3.40 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3302 M 30 82 15.52 5.70 12.5 4.50 5 
X  G G O.vO 0 • 00 0.0 0.00 0 
3303 M 21 59 10.22 3.62 8.5 3.67 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3304 M 33 94 15.40 5.50 12.5 4.33 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3305 M 22 60 8.53 3.00 7.0 3.10 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3306 M 23 65 11.70 4.00 10.0 3.80 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3307 M 20 58 11. 00 3.73 9.0 4.24 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3308 M 36 92 16.71 6.10 13.5 5.50 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3309 M 53 115 16.95 6.82 14.0 7.00 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3310 M 48 129 22.10 8.25 18.0 6.35 10 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A3. Yield data from soybean infested at stage 7 with 4 
density levels of the potato leafhopper in 1972 
Plant 
code 
no.& 
Plant 
part 
(M or 
T)b 
No. 
of 
pods biLs "Sight weight volume «eight 
1001 
1002 
1003 
1004 
1005 
1006 
1007 
1008 
1009 
1010 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
M 
T 
42 
0 
22 
0 
38 
0 
38 
0 
37 
0 
39 
0 
35 
0 
38 
0 
37 
0 
39 
0 
1TÔ" 
0 
58 
0 
105 
0 
101 
0 
107 
0 
110 
0 
107 
0 
111 
0 
100 
0 
106 
0 
22.17 
0 . 0 0  
10.22 
0 . 0 0  
17.78 
0 . 0 0  
2 0 . 0 2  
0 . 0 0  
19.30 
0 . 0 0  
18.30 
0 . 0 0  
17.80 
0 . 0 0  
17.03 
0 . 0 0  
15.50 
0 . 0 0  
18.20 
0 . 0 0  
6 „.55 
0 . 0 0  
3.30 
0 . 0 0  
5.50 
0 . 0 0  
6.03 
0 . 0 0  
6.25 
0 . 0 0  
5.74 
0 . 0 0  
5.40 
0 . 0 0  
5.60 
0 . 0 0  
5.70 
0 . 0 0  
5.80 
0 . 0 0  
18.0 
0 . 0  
8 . 0  
0 . 0  
14.5 
0 . 0  
16.5 
0 . 0  
15.5 
0 . 0  
15.0 
0 . 0  
14.5 
0 . 0  
14.0 
0 . 0  
12.5 
0 . 0  
15.0 
0 . 0  
4.70 
0 . 0 0  
3.90 
0 . 0 0  
4.40 
0 . 0 0  
5.65 
0 . 0 0  
8.10 
0 . 0 0  
6 . 6 0  
0 . 0 0  
6 . 0 0  
0 . 0 0  
5.60 
0 . 0 0  
6.90 
0 . 0 0  
7.42 
0 . 0 0  
¥ 
0 
7 
0 
12 
0 
7 
0 
9 
0 
10 
0 
11 
0 
19 
0 
12 
0 
6 
0 
1101 M 41 111 18.37 7.00 15.0 8.24 16 
T 0 0 0.00 0.00 0.0 0.00 0 
1102 M 47 127 16.20 5,80 13.5 7.90 29 
T 0 0 0.00 0.00 0.0 0.00 0 
1103 M 47 129 20.62 7.05 17.0 . 8.45 17 
T 0 0 0.00 0.00 0.0 0.00 0 
1104 M 46 115 18.90 6.80 16.0 7.00 9 
T 0 0 0.00 0.00 0.0 0.00 0 
1105 M 37 109 17.96 5.80 15.0 4.88 14 
T 0 0 0.00 0.00 0.0 0.00 0 
1106 M 35 93 14.50 4.95 12.0 4.50 16 
0 0 0.00 0.00 0.0 0.00 0 
1107 M 34 98 15.50 5.60 12.5 6.92 12 
T 0 0 0.00 0.00 0.0 0.00 0 
1108 M 35 91 14.25 4.80 12.0 7.44 11 
T 0 0 0.00 0.00 0.0 0.00 0 
First digit of the plant code number represents the rep­
lication number, second digit represents the infestation level, 
while the third and fourth digits represent plant number. 
represents main stem yield, while T represents 
Tiller yield. 
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Table A3 (Continued) 
Plant 
code 
no.& 
Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
of 
beans 
Bean Pod Bean 
weight weight voluHie 
Stem 
weight 
No. of 
undeveloped 
beans 
1109 M 29 79 13.37 4.40 11.0 5.22 9 
T 0 0 0.00 0.00 0.0 0.00 0 
1110 M 29 81 12.97 4.32 11.0 7.55 12 
1201 M 39 100 15.30 5.50 12.5 5.55 17 
T 0 0 0.00 0.00 0.0 0.00 0 
1202 M 35 99 16.65 5.60 14.0 6.90 12 
T 8 24 3.20 1.07 2.5 0.70 5 
1203 M 39 96 14.70 5.10 12.0 6.85 16 
T 21 61 8.10 2.60 6.5 2.23 10 
1204 M 37 100 15.75 5.70 13.0 5.82 15 
T 0 0 0.00 0.00 0.0 0.00 0 
1205 M 24 58 10.06 3.46 8.0 4.25 4 
T 0 0 0.00 0.00 0.0 0.00 0 
1206 M 43 122 21.28 7.20 17.5 6.43 6 
T 0 0 0.00 0.00 0.0 0.00 0 
1207 M 26 73 13.35 4.70 11.0 6.34 7 
T 8 23 3.40 1.10 .. 2.5 0.90 5 
1208 M 35 96 16.49 5.80' 13. 5 5.90 6 
T 0 0 0.00 0.00 0.0 0.00 0 
1209 M 31 81 14.80 4.70 12.0 5.15 2 
T G 0 0.00 0.00 0.0 0.00 0 
1210 M 29 80 13.42 4.80 11.0 5.70 7 
T 0 0 0.00 0.00 0.0 0.00 0 
1301 M 39 112 17.53 5.80 14.5 6.60 13 
T 0 0 0.00 0.00 0.0 0.00 0 
1302 M 40 107 16.40 5.50 13.0 8.45 20 
T 14 36 5.50 1.70 4.5 1.10 4 
1303 M 27 69 11.72 3.66 10.0 5.23 6 
T 0 0 0.00 0.00 0.0 0.00 0 
1304 M 33 91 15.40 4.90 12.5 5.55 5 
T 0 0 0.00 0.00 G.O 0.00 0 
1305 M 26 66 12.51 3.91 10.0 A . 10 3 
T 0 0 0.00 0.00 0.0 ô.oô  0 
1306 M 35 96 16.50 4.92 13.0 8.54 13 
T 0 0 0.00 0.00 0.0 0.00 0 
1307 M 33 89 13.57 4.40 11.0 5.70 14 
T 0 0 0.00 0.00 0.0 0.00 0 
1308 M 34 85 14.40 4.55 12.0 4.60 10 
T 0 0 0.00 0.00 0.0 0.00 0 
1309 M 37 97 15.71 5.33 12.5 5.70 12 
T 0 0 0.00 0.00 0.0 0.00 0 
1310 M 21 55 8.49 2.75 7.0 3.33 10 
T 0 0 0.00 0.00 0.0 0.00 0 
114 
Table A3 (Continued) 
Plant 
code 
no.a 
Plant 
part 
(M or 
T)b 
No. 
Of 
pods 
No. 
of 
beans 
Bean Pod Beau Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
2001 M 43 116 19.50 5.67 .16.0 8.20 6 
T 6 17 2.91 0.90 2.5 0.20 1 
2002 M 18 45 9.80 3.30 8.0 3.70 0 
T 0 0 0.00 0.00 0.0 0.00 0 
2003 M 29 78 13.90 4.50 11.5 4.40 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2004 M 23 61 10.80 3.45 9.0 4.50 6 
T 14 38 5.80 1.75 5.0 0.95 5 
2005 M 41 116 18.40 6.35 15.0 8.50 12 
T 10 24 4.50 1.26 3.5 0.40 0 
2006 M 36 102 21.45 7.70 17.0 7.50 2 
T 8 23 3.52 1.35 3.0 0.70 4 
2007 M 38 96 18.10 5.46 15.0 5.55 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2008 M 42 116 21.27 6.60 17.0 5.65 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2009 M 34 96 17.20 5.60 14.5 6.22 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2010 M 37 108 18.29 5.84 15.0 7.30 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2101 M 24 72 12.10 3.70 10.0 4.60 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2102 M 46 121 17.40 6.65 14.0 8.22 15 
T 19 52 5.19 2.20 4 .0 1.44 11 
2103 M 28 79 14.00 4.40 11.5 5.10 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2104 M 42 124 19.38 6.30 16.0 6.89 12 
T 0 0 0.00 0.00 0.0 0.00 0 
2105 M 36 103 17.75 5.70 14.5 7.43 11 
T 10 21 3.43 1.10 3.0 0.40 8 
2106 M 18 48 7.49 2.30 6.5 1.00 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2107 M 31 87 17.71 5.77 14.5 7.76 3 
T 8 22 4.00 I!23 3.5 0.70 1 
2108 M 36 100 16.27 5.10 14.0 7.33 13 
T 5 15 1.60 0.55 1.0 0.20 4 
2109 M 21 59 11.36 3.24 9.5 3.96 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2110 M 52 141 24.79 7.80 20.0 8.62 17 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A3 (Continued) 
Plant 
code 
no.a 
Plant 
part 
(M or 
T)b 
No. 
of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undevelopec 
beans 
2201 M 23 60 9.00 3.40 7.5 4.50 4 
T 0 0 0.00 0.00 0.0 0.00 0 
2202 M 39 111 17.27 5.60 14.0 7.98 13 
T 17 49 5.20 1.80 4.0 1.00 0 
2203 M 40 122 19.40 6.40 16.0 6.93 16 
T 8 21 2.70 0.90 2.0 0.50 4 
2204 M 35 93 16.25 5.10 13.0 6.26 8 
T 0 0 0.00 0.00 0.0 0.00 0 
2205 M 36 95 13.92 4.80 11.0 5.36 15 
T 0 0 0.00 0.00 0.0 0.00 0 
2206 M 21 55 8.75 2.80 7.0 3.88 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2207 M 33 90 14.24 4.75 11.0 5.44 15 
T 0 0 0.00 0.00 0.0 0.00 0 
2208 M 46 116 18.52 6.30 15.0 8.00 16 
T 12 35 5.50 1.80 4.5 1.40 3 
2209 M 22 59 11.10 3.20 9.0 4.50 2 
T 0 0 0.00 0.00 0.0 0.00 0 
2210 M 45 119 19.00 6.10 15.5 7.80 14 
T 7 22 3.19 0.95 2.5 0.35 3 
2301 M 36 99 17.96 6.80 14.5 7.35 5 
T 0 0 0.00 0.00 0.0 0.00 0 
2302 M 29 74 13,32 4,10 10,5 5.50 7 
T 0 0 0.00 0.00 0.0 0.00 0 
2303 M 32 89 14.89 4.60 12.0 5.45 13 
T 0 0 0.00 0.00 0.0 0.00 0 
2304 M 37 104 17.80 5.82 14.5 6.85 10 
T 0 0 0.00 0.00 0.0 0.00 0 
2305 M 22 65 8.39 3.11 7.0 1.05 14 
T 0 0 0.00 0.00 0.0 0.00 0 
2306 M 34 90 15.30 5.10 12.5 5.80 9 
T 0 0 0.00 0.00 0.0 0.00 0 
2307 M 34 86 15.28 4.70 12.5 5.95 6 
T 0 0 0.00 0.00 0.0 0.00 0 
2308 M 33 94 15.19 5.10 12.5 6.30 14 
T 0 0 0.00 0.00 0.0 0.00 0 
2309 M 22 60 11.00 3.70 9.0 2.65 3 
T 0 0 0.00 0.00 0.0 0.00 0 
2310 M 28 76 13.69 4.70 11.0 5.05 6 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A3 (Continued) 
Plant 
code 
no.* 
Plant 
part 
(M pr 
T)b 
No. 
of 
pods 
No. 
of 
baans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undevelopec 
beans 
3001 M 45 126 20.19 6.70 16.0 7.40 16 
T 0 0 0.00 0.00 0.0 0.00 0 
3002 M 31 87 15.72 4.80 12.5 5.45 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3003 M 41 118 20.80 6.60 17.0 8.65 11 
T 7 20 3.20 1.00 3.0 0.50 2 
3004 M 44 130 21.30 7.00 17.0 7.70 14 
T 0 0 0.00 0.00 0.0 0.00 0 
3005 M 38 97 19.09 6.00 15.0 8.10 4 
T 10 26 3.88 1.40 3.0 1.44 6 
3006 M 33 94 17.25 5.60 14.0 6.65 7 
T 0 0 0.00 0.00 0.0 0.00 0 
3007 M 23 64 11.30 3.72 9.0 3.60 3 
T 10 28 5.00 1.70 4.0 0.72 2 
3008 M 33 90 16.15 5.02 13.0 6.20 12 
T 0 0 0.00 0.00 0.0 0.00 0 
3009 M 40 114 18.10 6.10 15.0 7.00 13 
T 0 0 0.00 0.00 0.0 0.00 0 
3010 M 30 76 13.40 4.20 11.0 5.29 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3101 M 31 89 16.37 5.45 13.0 6.30 9 
T 0 0 0.00 0.00 0.0 0.00 0 
3102 M 43 117 17.20 5.72 14.0 7.20 20 
m * 14 36 4 .30 1.60 3.6 1.00 8 
3103 M 36 102 19.00 6.28 15.5 6.20 9 
T 0 0 0.00 0.00 0.0 0.00 0 
3104 M 29 85 15.40 4.84 12.5 5.42 9 
T 0 0 0.00 0.00 0.0 0.00 0 
3105 M 26 75 11.26 3.67 9.0 4.90 15 
T 0 0 0.00 0.00 0.0 0.00 0 
3106 M 41 113 19.72 6.80 16.0 6.63 13 
T 0 0 0.00 0.00 0.0 0.00 0 
3107 M 52 148 24.47 8.22 20.0 10.40 20 
T 8 24 2.60 1.00 2.0 0.80 5 
3108 M 26 71 13.50 4.36 11.0 4.64 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3109 M 38 110 16.70 5.43 14.0 7.70 20 
T 0 0 0.00 0.00 0.0 0.00 0 
3110 M 34 92 14.85 4.91 12.0 5.00 10 
T 0 0 0.00 0.00 0.0 0.00 0 
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Table A3 (Continued) 
Plant 
code 
no.& 
Plant 
part 
(M or 
T)b 
No. 
of 
pods 
No. 
of 
beans 
Bean Pod Bean Stem 
weight weight volume weight 
No. of 
undeveloped 
beans 
3201 M 38 105 14.80 5.30 12.0 3.37 53 
T 7 20 2.40 0.80 2.0 0.40 6 
3202 M 43 110 17.57 6, 24 14.0 7.46 18 
10 29 3.26 1.16 2.5 0.80 9 
3203 M 26 72 14.00 4.75 11.5 5.33 5 
T 0 0 0.00 0.00 0.0 0.00 0 
3204 M 54 149 24.30 8.30 20.0 8.60 20 
T 0 0 0.00 0.00 0.0 0.00 0 
3205 M 38 101 18.20 6.13 15.0 8.40 10 
T 12 33 4.20 1.45 3.5 0.90 9 
3206 M 42 112 15.90 5.85 13.0 6.75 20 
T 0 0 0.00 0.00 0,0 0.00 0 
3207 M 20 56 9.30 3.00 7.0 4.06 9 
T 0 0 0.00 0.00 0.0 0.00 0 
3208 M 37 100 15.80 5.22 13.0 7.00 15 
T 0 0 0.00 0.00 0.0 0.00 0 
3209 M 28 84 13.80 4.31 11.0 4.01 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3210 M 27 71 12.70 4.04 10.0 4.50 4 
T 0 0 0.00 0.00 0.0 0.00 0 
3301 M 59 153 21.60 8.55 17.5 7.30 22 
T 0 0 0.00 0.00 0.0 0.00 0 
3302 M 46 117 14.84 5.40 12.0 6.10 30 
T G 0 0.00 0.00 0.0 0.00 0 
3303 M 40 104 16.52 5.70 13.5 6.40 11 
T 0 0 0.00 0.00 0.0 0.00 0 
33:4 M 35 92 11.45 4.06 9.5 5.60 20 
T 6 17 2.41 0.70 2.0 0.20 3 
3305 M 40 114 18.12 6.11 15.0 7.90 6 
T 0 0 0.00 0.00 0.0 0.00 0 
3306 M 24 61 9.65 3.43 8.0 4.50 8 
T 0 0 0.00 0.00 0.0 0.00 0 
3307 M 30 83 14.49 4.20 12.0 6.72 10 
T 0 0 0.00 0.00 0.0 0.00 0 
3308 M 29 78 10.40 3.95 8.5 5.00 16 
T 0 0 0.00 0.00 0.0 0.00 0 
3309 M 20 53 8.42 2.60 7.0 3.80 10 
T 0 0 0.00 0.00 0.0 0.00 0 
3310 M 39 101 14.19 4.80 11.5 7.60 20 
T 0 0 0.00 0.00 0.0 0.00 0 
Table A4. Potato leafhopper counts in D-Vac 
fields in central Iowa in 1971 
Field I Field II 
Plot Plot 
I 7 3 4 I S 3 4 
6/8/71 1 1 0 1 1 4 0 0 
6/16/71 A 
N 
1 5 0 6 0 4 1 1 
6/23/71 A 
N 
12 10 11 20 
3 
18 
6 
7 12 
1 
27 
6/29/71 A 
N 
8 6 2 5 3 1 
2 
1 
2 
2 
3 
7/6/71 A 
N 
18 31 21 
5 
29 41 
9 
49 
4 
20 29 
13 
7/13/71 A 
N 
29 
2 
38 
4 
16 
3 
2 
1 
10 7 13 
3 
10 
7/20/71 A 
N 
17 
4 
15 
2 
8 10 
6 
10 
1 
4 15 7 
2 
7/27/71 A 
N 
= adults. 
= Nymphs. 
samples taken from selected soybean 
Field III Field IV soybean 
Plot Plot stage 
-3 J T I Z 5 T 
1 1 0 1 7 4 1 4 1 
23 6 6 18 2 6 3 9 2 
6 20 21 10 22 10 12 15 2 
3 1 1 2 
3 4 4 5 4 9 3 2 
2 4 
40 39 20 30 47 42 35 57 
9 4 7 3 3 7 5 4 
10 3 4 13 13 3 6 9 
3 2 
9 11 12 18 13 15 9 12 
6 2 3 3 2 
Table A4 (Continued) 
Field I Field II Field III Field IV Soybean 
Plot ' Plot Plot Plot Stage 
1 2 3 4 r- 2 3 4 1 2 3 4 1 2 3 4 
8/3/71 A 
N 
34 
3 
56 
9 
50 
7 
94 
14 
90 
10 
63 
29 
53 
9 
90 
20 
22 27 
5 
20 
1 
24 
10 
59 
8 
40 
9 
32 
19 
50 
11 
6 
8/10/71 A 
N 
15 12 17 
2 
24 51 
5 
10 
1 
24 16 
8 
3 15 9 5 64 20 42 34 7 
8/17/71 A 
N 
11 
3 
12 5 25 
4 
54 35 29 49 4 15 
3 
15 17 36 11 12 33 8 
8/24/71 A 
N 
4 9 1 5 9 10 
2 
3 8 
3 
4 3 4 3 
1 
12 2 4 
2 
0 8 
9/1/71 A 
n 
4 7 1 6 7 6 0 5 2 2 1 0 2 3 6 0 9 
9/8/71 A 
N 
5 ;l 0 0 2 0 4 0 0 0 0 0 1 1 2 0 10 
9/17/71 A 
N 
0 0 0 0 0 0 1 0 0 0 . 0 0 0 0 0 0 10 
Table A5. Potato leafhopper counts in D-Vac samples taken from selected soybean 
fields in central Iowa in 1972 
Date Field I Plot 
Field II 
Plot 
Field III 
Plot 
/ 
Field IV 
Plot 
Soybean 
Stage 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
6/6/72 10 
N 
8 21 13 3 0 3 1 6 11 7 9 9 22 3 5 1 
6/13/72 A 
N 
13 32 25 36 3 4 5 4 18 17 17 19 13 39 33 12 2 
6/20/7 2 A 
N 
12 
2 
58 24 
2 
17 
1 
22 17 
3 
12 
2 
25 30 
5 
40 
2 
22 
3 
42 
2 
55 73 52 74 
2 
2 
6/27/72 A 
N 
56 
15 
23 
13 
50 
17 
24 
9 
12 
9 
17 
7 
22 
6 
16 
11 
47 
7 
29 
8 
48 
11 
28 
9 
57 
15, 
48 
17 
60 
9 
44 
21 
3 
7/5/72 A 
N 
119 
41 
159 
38 
116 
36 
142 
32 
40 
31 
21 
17 
33 
34 
25 
21 
113 
32 
86 
19 
89 
35 
62 
16 
128 
29 
51 
36 
99 
31 
101 
22 
4 
7/11/72 A 
N 
290 
61 
90 
54 
2C0 
41 
148 
52 
36 
61 
26 
51 
68 
48 
29 
58 
60 
49 
40 
52 
53 
61 
38 
56 
197 
61 
88 
49 
185 
66 
74 
52 
4 
7/18/72 A 
N 
147 
45 
150 
• 63 
233 
43 
151 
59 
172 
70 
186 
6 H 
198 
62 
97 
55 
174 
36 
92 
40 
157 
37 
179 
31 
264 
46 
112 
48 
302 
52 
209 
61 
5 
7/25/72 A 
N 
95 
30 
110 
26 
104 
18 
146 
23 
300 
40 
226 
41 
359 
46 
245 
38 
86 
10 
89 
17 
64 
3 
96 
8 
94 
20 
131 
7 
124 
5 
268 
9 
6 
A = adults. 
N = Nymphs. 
Table A5 (Continued) 
Date Field ï Field II 
Plot Plot 
"5 5 T i: 2 
N 
9/12/72 A 
N 
9/19/72 A 1 0 0 0 
N 
8/1/72 A 28 13 18 23 54 57 75 
N 10 7 12 9 19 8 11 
8/8/72 A 9 8 5 4 2 4 2 
N 
8/15/72 A 10 0 2 3 3 2 0 
N 4 5 5 
8/22/72 A 20 10 6 22 2 2 2 
N 
8/29/72 A 5 6 Ifi 3 5 4 4 
N 1 
9/5/72 A 6 0 5 2 0 2 
Field III Field IV Soybean 
Plot Plot Stage 
" T l 2 3 i " l 2  3 4  
20 4 9 22 9 26 5 9 8 
5 7 5 2 4 3 8 6 9  
6 , 1  4  0  2  
2 4 1 2 ] .  3 1 6 1  8  
9 11 
2 2 1 9 5 2 4 4 3  8  
8 7 3 4 2 1 1 1 1  9  
1 3 0 0 2 0 0 1 0  9  
10 
0 0 0 0 0 0 0 0 0  1 0  
